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Purpose: This study was done to assess the relationship between 
parental history of myopia and the performance of visual tasks on the 
development of myopia in pre-school children in Hong Kong. Methods: After 
meeting inclusion criteria and providing informed consent, an activity diary 
measuring visual tasks was recorded in school and at home in 237 subjects 
aged 36-83 months (mean 59.43 months). In addition, detailed personal 
histories and any parental history of myopia were recorded. Subjects 
；; underwent cycloplegic refraction and ultrasound biometry. Refractive errors 
greater than -0.50 D were regarded as myopic and the spherical equivalent 
ij • 
j was calculated. Results: The prevalence of myopia in the children was 4.22%, 
with values for emmetropia of 28.69% and for hyperopia of 67.09%. The mean 
丨 spherical equivalent and axial length of the children in which neither parent was 
i myopic (n=120) were +0.93 D and 21.98 mm. If either parent was myopic 
(n=78) the mean values were +0.77 D and 22.01 mm. If both parents were 
myopic (n=39) the mean values were +0.82 D and 21.86 mm. No statistically 
I significant correlation was found between parental myopia and refractive e「ro「 
and axial length in their children in this study group (p > 0.05 & Wilks Lambda: 
0.961 for all models). In this population the visual tasks were measured as 
diopter-hours pe「week. This was calculated as reported working distance and 
amount of time spent (time x 1/distance) on various visual tasks. Although 
duration ofvisual activities increased from 3 to 6 years, there was no significant 
correlation of visual task time with「efraction and axial length (Wilks Lambda: 
••959 for all models). There was a relationship between increased axial and 
1 
vitreous length with increased age and myopic refractive error of the children. 
Myopia usually correlates well with axial and vitreous lengths, however these 
results suggest that age and increased axial and vitreous length have more 
influence 〇n the development of myopia. Conclusion: These data suggest that 
parental myopia and the degree of visual effort were not important predictors of 
eye size and refractive status in pre-school children in fHong Kong. There was 
a relationship between age and refraction with axial and vitreous length in 
these children. Mo relation was found between parental myopia and education 
and their children's refractive status. The risk factors for myopia in p「e-sch〇ol 
children are still controversial. Much more work must be done to identify the 
major factors which cause myopia, and their relative importance still remain to 





j 2.1 INTRODUCTION 
Myopia (short-sightedness) exists when parallel rays of incident light 
focus jn front of the retina when the eyes are not accomodating.^ Glinically, 
myopia may be defined as a mismatch in the refracting optics of the eye and its 
length, causing images to be focused in front of the retina (Zadnik et al., 1994). 
I In this situation distant objects c3nn0t be seen dearly. Myopic eyes 
have a finite far point in space from which divergent「ays of light are brought to 
a focus 〇n the retina without accommodative effort.^ The word myopia comes 
from the Greek word "myein" meaning "shutting" the eye, to characterize those 
individuals who squint and narrow their eyelids to improve distance visual 
acuity with a pinhole effect.^'^ Myopes may habitually try to narrow their 
palpebral fissure to form a stenopaeic slit to improve the image quality.^ 
Myopia can arise because either the primary refractive components (cornea 
and lens) are too powerful 〇r the globe is too long.^ L_〇we「degrees of myopia 
usually occur when the surfaces of the comea and lens do not neutralize the 
I effect of increasing axial length during growth (Sorsby and colleagues, 1957). 
The prevalence of myopia in the normal full term new-born is between 
4% and 6% (Curtin, 1985). The incidence of myopia remains fairly stable over 
the first few years of life but shows an increase with advancing age through 
childhood. This increase is seen when children are beginning school and this 
observation has implicated visual tasks and accommodation in the 
development of myopia. 
The commonest form of myopia is juvenile-onset or school myopia which 
typically begins between the ages of 8 and 14 years. The development of 
refractive errors in school children and particularly the incidence of myopia has 
； 3 
been the object of extensive study since the last century. Neonates are usually 
hyperopic^ and gradually approach emmetropia. Older children and young 
adult are tend towards myopia while middle-aged persons are less myopic7 
Myopic neonates are four times more likely than hyperopic neonates to exhibit 
myopia later in life (Banks, 1980). A high degree of congenital myopia may 
occuroccasionally (hlarman, 1913, 1914; Jackson, 1932; Hofmann and Carey 
1942). The majority of cases of myopia first appear between the age of five and 
puberty and may progress as growth continues until the refractive status 
stabilizes after adolescence is passed/ Most investigators have found that a 
gradual reduction in hyperopia occurs during later infancy and childhood 
(Hirsch, 1963; Millodot, 1972). This may be caused by one or a combination of 
changes in the optical components of the eye including the cornea, anterior 
chamber depth, thickness of the lens, vitreous length and axial length.8'9 
Increased corneal or lenticular curvature or an increase in the lens index of 
refraction may cause myopia but more commonly myopia is the result of axial 
elongation of the posterior segment of the eye.^ Since the axial length of eye 
increases gradually with age, one would expect the apparent hyperopic error to 
shrink concurrently. MiIlodot (1972) has suggested that the average child may 
be nearly emmetropic from infancy through adolescence. Because the optical 
components grow from infancy to puberty, the eye's growth must be a 
coordinated process to maintain emmetropia. When accommodation is 
increased, ciiiary muscle activity facilitates axial growth of the globe, whereas 
when accommodation-is relaxed, axial growth is impeded (Young, 1977; 
Greene 1980; Ebenholtz, 1981 & RavioIa et al., 1985). Thus, a young myopic 
. eye, with little demand for an increase in accommodation, would become less 
• '"•«•.�, 
myopic with age due to the hypothesized impediment of axial growth. 
Animal studies (RavioIa & Wiesel, 1985) and clinical observations have 
noted that anomalous visual experience may trigger the development of myopia 
in the immature visual system. Although myopia had been widely studied fo「 
ove「100 years, the relative contribution of genetic and environmental factors in 
4 
3 
i • •‘ 
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5 
！ its etiology have not been clarified.^^ Myopia in humans may be caused by a 
number of different structural abnormalities, such as elongation of the eye 〇r 
changes in the curvatures of its refracting surfaces.^° Hence, the detection and 
correction of refractive error in children is important fo「tvv〇「easons (T"ongue 
AC, 1987): a) to prevent irreversible vision loss secondary to amblyopia and b) 
to treat visual impairment detrimental to the child's normal functioning in his or 
her daily life.*? Myopia in children appears to result from the cumulative effects 
of axial elongation and an inadequate compens3tory decrease in lens 
thickness, curvature and possibly refractive index (Zadnik, Mutti, Friedman, 
Sholtz & Adams, 1994). Earlier studies have shown that these refractive 
components undergo the most significant and rapid changes during the first 3 
years life, while excessive or anomalous axial elongation is associated with the 
second stage of ocular growth, a slower developmental phase lasting from 
ages 3-15 years (Sorsby, Benjamin & Sheridan, 1961). Subsequent reports 
have concluded that the majority of changes in anterior and posterior chamber 
lengths a「e completed by the first o「second years of life, respectively (Larsen, 
1971). 
Two general theories may be considered, namely genetic and 
environmental o「“use-abuse". Hereditary theory predicts that the differences 
in refractive error among ethnic groups results from a genetic cause and that 
the increase of incidence「ate of myopia among school children is「elated not to 
[ school experiences but to age.丨门 contrast, those who advocate the "use-
！ - abuse" theory believe that sch〇〇l experience is a significant factor in causing j. 
j myopia.58 Several genetic studies have demonstrated a significant familial 
» 
i: 
: ‘ influence in myopia. The environmental theory hypothesizes increased scleral 
i stress by the extraocular and intraocular muscles during convergence and 
s 
i 
j increased ciliary muscle tone during acc〇mm〇dati〇n. In any case, a n〇「mal 
I increase in axial length usually offsets mild hyperopia in young children. This 
growth pattern has been well-described and has been termed emmetropization 





1993). Continuing axial elongation without a compensatory reduction of lens 
53 
power, however, may result in myopia. 
The prevalence of myopia varies with age and geography.丨门 the USA 
j the prevalence of myopia was measured at 29.3% at the age of 12 and 33.2% 
I at the age of 17.^ ^ In Taiwan the prevalence of myopia among school children 
I increased from 4% at the age 6 years to 40% at the age of 12 years. At the 
age 15 the myopia prevalence was ove「7〇％，Anothe「Taiwanese study 
showed only 2% of eyes were myopic up to 6 years of age. The same group 
was foIlowed-up after 4 years and myopic rate had increased to 27.3%. The 
prevalence was as high as 92.9% among the university students.^^ A high 
I prevalence of myopia was found among Chinese, Japanese and Koreans. In 
contrast a lower prevalence of myopia was found among IndiansH affecting 
25% of the population and up to 80% of school children. P\ combination of 
heredity and environmental factors may be the reason fo「the high prevalence 
92 
rate of myopia in Chinese. 
It is difficult to compare studies because of different inclusion criteria and 
definitions of myopia among different authors. Lam and Goh studied 383 
school children in Hong K〇ng and measured a mean refraction of -0.09 D at the 
age 6 to 7 years, -1.31 D at the age of 12-13 and -2.05 D at the age of 16 to 17 
years. The prevalence of myopia in these age groups was 31.4%, 58.1% and 
58.8% respectively.^^ Myopia starts at an earlier age and that it progresses 
more quickly among hi〇ng Kong Chinese than in non-Ghinese populations 
“ (Edwards M, 1991). Previous studies have shown that those who spend more 
time in educational efforts have a higher myopia prevalence than those 
spending less time in education. It has also been stated that children may have 








• To assess the influence of visual tasks on the development of myopia in a 
group of Hong Kong pre-school children. The child's visual task was 
measured by calculating the diopteric distance of visual work and the time 
spent in each type of visual activity. A week-long diary of visual activities 
(hours of reading and writing, watching television etc.) of each child was 
obtained through the participation of school teachers and parents. 
• To study the influence of parental myopia and educational level on these 
children. A questionnaire on parental history of myopia and educational 
level was administered for every subject and summarized through 
multivariate analysis. 
• To study the distribution of refraction of myopia among pre-school children 
in Hong Kong. Each child underwent a complete eye examination including 
cycioplegic refraction with auto-keratorefractometer and axial and vitreous 
length of the eye globe by ultrasonic biometry. 
*, / 
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The term myopia originates from a Greek word which means contracting 
or closing the eyes. It describes the typical facial appea「ance of a myope as he 
or she attempts to obtain clear distance vision. Until the introduction of 
spectacles, squinting the lids with the resultant production 〇f a horizontal slit 
was the only practical means for obtaining clear distance vision (Gurtin, 1985). 
Aspects of human myopia have been studied for at least 80 years (Stieger, 
E 
1913; Working Group on Myopia Prevalence and Progression, 1989). This 
-
[ research has produced evidence of a genetic etiology for myopia as well as 
[ • -
i 
evidence to support an environmental theory of myopia centered on 
I accommodation and near work (McBrien & Bames, 1989). Despite intensive 
[ ‘ 
I study, the precise etiology of myopia remains unknown. The clinical literature 
[. 
j is replete with genetic, environmental and dystrophic theories of myopia 
1 (Curtin, 1985; Tokoro et al, 1967; Greene, 1980; Gross, 1982, Jensen, 1 9 9 1 ) . 
i 
I It is as yet unknown what relative roles these "nature" and "nurture" 
I 
components play in the onset and progression 〇f human myopia, and there are 
many limitations in attempting to discern their relative roles through 
I , epidemiological and c l i n i c a i research.丨门 1 9 1 3 S t e i g e r asserted that the 
I concept of axial myopia could not expl3in all cases and found that corneal 
I refraction ranged from 38 to 48 D. He postulated that corneal curvature and 
axial length were independent variables. His theory refuted the idea that axial 
length is the sole cause of myopia and it brought to attention to the possibility of 




hereditary「ather than environmental influences. For the first time myopia was 
！ considered to be a physiological variable depending upon corneal curvature 
I and axial length each of which possessed a normal range of variation. Steiger 
(1913) described emmetropia and ametropia as points on a normal distribution 
curve, with corneal power and axial length as independent variables. These 
concepts brought an entirely new approach to the study of myopia. Berg, 
Sorsby and co-workers found that 3n emmetropization effect was noted in 
distribution curves of refraction as a result of a correlation of corneal power and 
axial length. In ametropias of4 D and above, this correlation appeared to break 
down. Their study also indicated that neither the lens nor the anterior chamber 
depth was an effective emmetropization factor. Tokoro and Araki (1967) 
I asserted a high correlation of total refraction with axial length. This is true 
I especially in the emmetropic range of refraction in which the correlation of 
I corneal power diminishes the impact of axiaI length upon the refraction. Axial 
I length remains for the most part the primary determinant of refractive status. 
Clinically significant myopia usually becomes manifest in late childhood, 
I increasing slowly in degree fo「some years thereafter (Duke-Elder, 1970).^ A 
I' history of either parent having myopia had the highest test specificity 
(probability of hyperopia more than +0.50 D at school entry given no juvenile 
1 myopia = 0.91).55 The biological theory of myopia views myopia as the「esult of 
I genetically determined characteristics of eye tissues, whereas the use-abuse 
I theory views myopia as the result of habitual use of the eye at a near focal 
[ 
length. Myopia varies over age, gender, race, ethnicity, level of education, 
social dass and degree 〇fu「banization (Curtin 已 J, 1985; Angel et aI. 1980). 
‘ • 
\ 4.1.2 GENETIC AND ENVIRONMENTAL STUDY 
丨 There may be a relationship between parental history of myopia and 
near work on the development of myopia in p「e-sch〇ol children. The strength 




vary with the level of diopter-hours. A dose-response relationship may exist 
！ 1S ， 
with the number of myopic parents. Even before the onset ofjuvenile myopia, 
j： 
children of myopic parents may have longer eyes (Zadnik, 1994). Human 
myopia may be influenced by genetic factors because children with two myopic 
parents are slightly more likely to be myopic and have longer eyes than 
children with no myopic parents.^^ The premyopic eye in children with a family 
history of myopia already resembles the elongated eye present in myopia.^^ 
The growth pattern that normally keeps normal eyes emmetropic may be 
‘ 
derailed in the myopic eye. This derailment becomes more likely as the eye 
enlarges. Therefore the larger an eye initially, the greater the risk of developing 
. 1 5 
myopia. 
Normal ocular development generally proceeds towards a hyperopic 
state in which the axial length may be shorter than the focal length. As normal 
r 
development progresses toward emmetropia, the axial length matches with the 
i' ^ g 
I normal growth of the eye. Juvenile-onset myopia usually develops between � 
the ages of 8 and 14 years. Although less .than 2¾ of children beginning 
kindergarten a「e myopic, more than 15 % of children a「e by the time they 
complete grade sch〇〇l at age 14 or 15 years.^^ A greater prevalence of 
myopia exists among the children of myopic parents than among the children of 
nonmyopic parents (Gwiazda, Thom, Bauer & Held, 1993; Goldschmidt, 1968; 
Aston, 1985). The children with both myopic parents are on average less 
hyperopic and have deeper anterior chambers, longer vitreous chambers 
compared with children with no myopic parents.i® Zadnik et al. found that 
12.2% of the children with two myopic parents were myopic, 8.2% of the 
children with one myopic parent were myopic, but 〇nly 2.7% with no myopic 
parents were myopic. Overall, 7.5% were myopic. Work on emmet「opizati〇n 
has described the relationship of refractive change to ocular growth, but has 
not yet elucidated the mechanisms responsible for the refractive change (Van 
Alphen, 1961; Sorsby et al., 1957; Hofstetter, 1969; Mark, 1972; Carroll, 
29 





thereafter.29 |t has been observed that the prevalence rate of myopia 0门 their 
parents in the high myopic group (71.0%) was significantly higher than that in 
the group of nearly emmetropes (33.3%). There was a slight correlation with 
their previous school performance, daily amount of near visual display work 
and preferential working distance.^^ In studies done in India to assess the 
interaction of environment and genetics, it has been postulated that myopes 
without family history of myopia had the highest amount of nea「work.ioG 
It is generally accepted that hereditary plays a important role in 
refraction. In studies of monozygotic and dizygotic twins, monozygotic twins 
were much more likely to have similar refractive errors than dizygotic twins 
(Goldschmidt, 1968; Karlsoon, 1974). Several studies of the inheritance of 
refractive errors have demonstrated a significant family prevalence of myopia. 
According to the environmental theory, increased scleral stress by the 
extraocular muscles during convergence and increased ciliary tone occurring 
during accommodation. This is the classic association of the onset of myopia 
with schooling (Curtin，1985). However, no conclusive evidence proved that 
the near work was a cause of myopia. For example, increased intraocular 
pressure may cause the expansion of the globe. Whether environmental 
factors produce weakness of posterior sclera leading to increased axial length 
and myopia is still unknown. 
The pathogenesis of the rising incidence of myopia is still obscure and is 
probably multifactorial. Only 5% to 8% of myopia is believed to be hereditary, 
so environmental factors must p!ay a 「ole in the development of myopia in 
young children.^^ These results suggests that it is less likely that the children of 
non-myopic parents wi!l become myopic compared with children with one 
myopic parent. Myopia risk is highest when both parents are myopic.®^ When 
there is no parental myopia, 7.3% of the 7-year 〇ld children are myopic. An 
autosomal recessive model predicts 6.25% of expected myopia and when one 
parent is myopic, 26.2% of the 7-year-oId children are myopic and in this group 






found in the Chinese population that myopia may be coupled with a high 
! education level, and that the effect of environmental and cultural factors are 
I. more important than hereditary influence in the pathogenesis of myopia.®^ Twin 
studies among the Taiwanese students showed that there were significant 
differences in axial length between the monozygotic and dizygotic, ocular 
refraction was increased in monozygotic twins, but variation of ocular refraction 
with age and myopic progression correlated that the environmental factors 
might affect the eye in the way of myopization, so both the factors could 
interact in the development of myopia.^^ Studies in Ghinese twins (C J Chen et 
al, 1985) for the conventional comparison of intrapair concordance between 
monozygotic and dizygotic twins, and a significant genetic influence was 
observed in addition to environmental factor and vice versa. A North American 
study on the refractive findings in 10 pairs of twins found a correlation of +0.99 
between identical twins and +0.67 in fraternal twins (Wixon, 1958). This 
I suggests that the closer the genetic tie, the greater the similarity in refraction, 
i . • 
This was supported by a British study which found that ocular components and 
j 
I refraction we「e more closely correlated in identical twins than fraternal twins 
I (Chen C J et al, 1988; Diamond et aI, 1985 & Hirsch et aI, 1969). The 
Newfoundland population study (Bear et al, 1981) provided evidence that 
i 
familial similarities in education and near work increase resemblance in 
refraction among first degree relatives. A random sample of 1200 twins in one 
age stratum of the cohort was studied through questionnaire. The difference of 
「ef「acti〇n between two eyes were not significant. The mean difference in 
refraction between the monozygotic twins was significantly lower than that 
i' » 
[ between dizygotic twins. This result suggest that inheritance has a substantial 
L 
effect on the etiology of myopia.^°^ At the same time environmental influences 
operate to bring about changes in refractive characteristics. Monkey studies by 
Young et al (1961, 1963, 1965) have demonstrated the effects of restricted 






eye and indicate that environmental stress is capable of developing true axial 
I myopia in the subhuman primate eye.^°^ 
丨 Ghildren in grades 1 through 4 showed a frequency of 10%; in grades 5 
through 8, 14%; and in grades 9 through 12, 16%. Students in high school 10% 
involvement and those in college 28.5%. It was found that 1.4% among children 
ages 6 to 7 years to 9.1% in those 12 years and above were myopic.^ Earlier 
studies by Sorsby (1933) found the mean「efraction at age 3 years to be +2.65 
(D). Brown (1938) & Slataper (1950) in their study observed that an increase in 
mean hyperopic refraction was recorded up through the seventh year. During 
the period of a year and a half Cohn (1886) found that 17% of 84 children who 
refracted from 0.00 D to + 1.00 D became myopic. In a group of 54 myopic 
[ I 
schoolmates, 41% became more myopic. Sperduto and co-workers (1983) 
concluded that accommodative effort during the development of the eye is 
I 
I capable of producing axial elongation. Other studies found that there is an 
i 
I association between high hyperopia and subnormal intelligence {Kirchen, 1954; 
f 
I Kurz, 1927; Pfingst, 1921 & Stocker, 1934). Rarely myopia may be present at 
birth as a consequence of poste「i〇「 scleral ectasia. Prematurity is also 
i 
! 
I frequently associated with myopia. The most common f〇「m of myopia involves 
I genetically predetermined abnormal ocular growth to late adolescence.32 
I Before the onset ofjuveniIe myopia, the premyopic eye in children with a family 
I history of myopia already resembles the elongated eye present in myopia.^^ 
1 Before the start of formal grade-school education, a myopic shift is most likely 
to be attributed to a genetic predisposition f「〇m their myopic parents.^^ 
I Likewise, family pedigrees have shown substantia! refractive correlation 
I between parent and offspring (Woid, 1949). !Recently Zadnik et al. (1994) 
s --
i demonstrated an increased incidence of myopic ocular components in children � 
i 
t with two myopic parents. This study suggested a strong hereditary component 
in the development of childhood myopia. Francis Young (1969) reported that 
I I 
I while there was virtually no myopia in the parents and grandparents, there was 
a high incidence approximately 58% of myopia in the offspring. They dismissed 
‘ t 
13 
any hereditary factor in the development of myopia as there was no correlation 
between the refraction of the parents and those of offspring, while sibs of 
similar environment showed substantial correlation. From studies conducted in 
the United States and Europe, the best estimates of the prevalence of myopia 
among children of myopic parents are 〇n the order of 30-40% when both 
parents are myopic, 15-25% when either parent is myopic, and 10% when 
neither parent is myopic (Goldschmidt, 1968; Ashton, 1985; Gwiazda et aI., 
1993). Thus there may be some predictive power in knowing the parental 
「efractive error history. There is an increased incidence of myopia in children 
j with two (compared to zero or one) myopic parents.55 Children with higher 
! degrees of myopia show a greater degree of hereditary influence in comparison. 
to those with lower degrees of myopia. It has been found that the percentage of 
myopic parents increased with degree of myopia of chi ldren, 
4.1.3 EPlDEMI〇L〇GY〇FMY〇PIA 
Since the mid-19th century a large number of demographic and 
correlation studies of myopia were carried out. Gohn (1867) carried out a 
classic investigation about the incidence of refractive errors among 10000 
school children. Gohn and others observed that the number of myopes and the 
degree of myopia increased with age. Myopia mainly occurred after spending 
many years at school and the development of myopia was due to close work, 
i This theory was widely accepted as school myopia. Michaels (1975) estimates 
that as many as 40% of the adult population in the United States have myopia 
j in some degree. 
Since then most investigations concentrated mainly 0门 two theories a) 
I 
hereditary and b) environmental. Those who favored the hereditary theory, 
believed that the differences among ethnic groups resulted from a genetic 
cause and that the increased incidence rate of myopia among school children 
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believed the "use-abuse" theory stated that school experience was a significant 
factor in causing myopia?® 
i 
Many studies have been conducted regarding the prevalence of myopia 
and results differ depending on the definition of myopia, investigation methods, 
examination procedure, age of population, racial composition and socio-
1- • 
t economic status. The socio-economic and dinical importance of myopia is as 
[ 
I great as nearly 90% of glasses worn between the ages of 12-27 years are 
I prescribed for this type of refraction (Bear & Richler, 1982). More than eighty 
i 
I percent of those reporting to school eye clinics have myopia. Harrnan (1936) 
I gives a figure of 27% for Britain , Jackson ( 1 9 3 2 ) 19.6% in the United States 
and Angel & Wissman (1980) 28.4% in males and 36.5% in females in the 
USA. Rasmussen (1936) reported a 70% incidence in young Chinese adults. Its 
prevalence in this group is about (15%) but in other countries pre-schooI 
children have far lower rates of myopia less than 2% (Zadnik et al, 1994). 
In a detailed study of visual screening in the United States (1976) the 
National Eye Institute found myopia to be the fifth most frequent specific cause 
of impaired vision, the eighth most frequent cause of severe visual impairment, 
and the seventh most frequent cause of legal blindness.^ y^mong causes of 
visual disability and blindness throughout the world, myopia is one of the most 
important causes. The expense related to optical correction and the 
complications that occur in its advanced forms make myopia a serious social 
and economic problem.^ The estimated annual cost of myopia in USA is about 
3.4 billion US$. Myopia in its usual form implies only a slight handicap and is 
correctable by glasses. On the other hand it can be of a progressive, 
degenerative type producing severe uncorrectable loss ofvision.ii 
The prevalence of myopia in the normal term new-born is probably 
between 4% and 6%, although a literature「eview shows extremes of 1% and 
25% {Curtin, 1985). Low myopia appears to resolve or decrease ove「the first 
few months of life. The incidence of myopia remains fairly stable ove「the first 
few years of life but shows an increase with advancing age through childhood, j ； ' 
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1 This increase is seen at about the time children a「e beginning school and this 
L . 
1 has implicated near work and accommodation as a cause fo「the development • 
j of myopia. Studies of prevalence of myopia in adults show a wide variation 
[ (from 8% in Sweden to 52% in Ghina) depending on the population and the age 
i groups examined.^^ Myopia is common in Ghinese population, >^ccording to 
^ Chen & Lin (1983) the prevalence rate of myopia was 46% for children aged 12 
L 
： years and 78% for children aged 15 years. The rate of myopia among hlong 
‘ Kong Ghinese pre-school children increases with increasing age and exceeds 
i 50% by age of 10 years.^^ Regarding the relative prevalence of refractive error 
i 
[ it was seen that myopia was the common refractive error among the children, 
i 
L Among school children in Bangladesh, 47% are myopic, 19% are 
i hypermetropic and 34% are astigmatic.*? Similar findings are also available 
from India by Dutta et al. (1983) and in Japan by Majima et al. (1960). Myopia 
I 
r is quite patterned in its occurrence. Patterns reappear in many countries at 
! widely different periods7^ It is non-randomly distributed by age where it occurs 
(Slataper, 1950). It is「a「e among infants of industrial countries but in a birth 
• cohort it increases in prevalence and severity through the end of adolescence 
and then stabilizes. Myopia has been found to be patterned in its occurrences 
I 
: in different races and ethnic groups. Blacks, whether in Africa or in US have 
E 
i been observed to have a l〇w prevalence of myopia (Holm S, 1937; Callan P, 
I 
： 1875). Orientals (Rasmussen OD, 1936) and Jews (Kantor D, 1932) have been 
: found often to have a high prevalence of myopia. Myopia is known to be closely 
: associated in prevalence and severity with educational attainment. It has also 
[ been found sometimes to be positively associated with social dass 
I , ' 
r (Goldschmidt E, 1968), degree of urbanization of place of residence, and level 
• 
； of economic development of region or country of residence (Wangspa S et al., 
1 1965 & Mann I, 1966). Some studies have also f〇und females to be slightly 
“ more myopic than males (Goldschmidt E, 1968 & Baldwin W, 1967). Studied by 
I Sheu et a!. (1984) in kindergarten children found that 58.9% were 
1； 




The prevalence of myopia varies with age and place. In USA prevalence 
I o fmyop iawas29.3%at theageof12and33.2%at theageof17.2 i lnTaivvan 
another survey of school children showed that the prevalence of myopia 
increased from 4% at the age 6 years to 40% at the age of 12 years and at the 
age 15 the myopic was over 70%.^^ The prevalence was as high as 92.9% 
among University students.^^ 
A high prevalence of myopia was found among Ghinese, Japanese and 
Koreans, while a iow prevalence of myopia was found among Indiansi^, 
affecting 25% of most populations but up to 80% of school children. Heredity, 
environment or both may be the reason for high prevalence rate of myopia in 
Chinese.92 The studies of GoIdschmidt in 1964 discovered some associations 
; between nearwork and prevalence of myopia. The prevalence was 11.8% in an 
office work group while only 4.3% was found in heavy work group. 
i 
i ln Taiwan 40/0 are myopic at the age of 6 years and 70% are at the age i 
1 . 
1. 
I of 15 years. In Hong Kong 76% are myopic between the ages of 26-32 years.^ 
The incidence of myopia was up to 51 % for primary school children, 6〇o/o 
among high school and 85% among college students.34 The prevalence rates 
i were comparable with reports from Taiwan- 92.9% (Un et al., 1989), 
Singapore- 83% (Chew et al., 1990), Poland- 44.5% (Muskaliski K, 1990) and 
India- 24.3% {Mukherji et al, 1979). Skeller (1969) had observed a high 
incidence of myopia in young Eskimo children: 9 out of 60 aged 2 to 4 years, 
and 29 out of 176 aged 5 to 9 years, had myopia of 0.25 D o「mo「e. Baldwin 
(1964) found that the incidence of myopia varied from a high of 17% f〇「 
Chinese children to a low of 3% for Hawaiian children and for the Japanese it is 
12%. It was found that in non-Jewish boys myopia increased from 14% at ages 
8 to 9, to 28% at ages 13 to 14 whereas in Jewish boys it was 40% for all age 
group and was due to apparently genetic factors and not due to excessive 
amounts of close work.®^ Reber (1964) reported an incidence in Negro children 




Rosner & Belkin (1987) found a correlation between myopia and years 
( of schooling. The prevalence of myopia among those who had completed only 
s 
I eight years of schooling or less was 7.5% and the「ate rose to 19.7% among 
,. C 4 
1 those who had completed 12 years or more, 
i； 
1： There have been few studies d〇ne in hlong Kong on pre-school children, 
i 
I： 〇ne such study was carried out by Ghan and Edwards in 1991. The me3n 
!' 
spherical equivalent for 570 subjects was reported as +0.63 D at an average 
f.. 




I Lam and Goh studied 383 school children in Hong Kong and observed 
i. • 
[ that the mean refraction was -0.09 D at the age 6 to 7 years, -1.31 D at the age 
i 
j of 12-13 and -2.05 D at the age of 16 to 17 years. The prevalence of myopia in 
these age groups was 31.4%, 58.1% and 58.8% respectively.^° 
[ 
i 
4.1.4 RELATIONSHIP BETWEEN MYOPIA AND OPTICAL COMPONENTS 
j 
i 
I A classical wo「k was published by Donders in 1864 〇n accommodation 
and refraction. He stated that the dioptric power of the eye was the result of the 
convexity of the cornea, position and focal distance of the lens and the length 
of the visual axis. Each of them may differ in the emmetropic eye and they may 
complement each other. The refractive state of the eye is usually determined 
by corneal curvature，anterior chamber depth, lens power and the axial length 
of the eye. Extensive studies have shown t^]at corneal curvature, anterior 
chamber depth and lens power when sampled from the general population 
• show a normal frequency of distribution. I h e frequency distribution 〇f axial 
length, however d〇es not conform to a normal distribution but rather shows a 
I sharp peak at approximately 23 mm with a skew toward higher axial length.57 
丨 ln emmetropic eyes, the statistical correlation between the axial length 
and come3l power was found to approach -1. A negative correlation of 0.5 
between axial length and lens power and a positive correlation of 0.5 between 
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axial length and anterior chamber were also demonstrated. It was therefore 
questioned that there was a regulatory mechanism during ocular growth that 
caused the refractive components to combine in just such a way that eyes end 
up being emmetropic, ln myopia, there is some disturbance of this process, 
brought about by hereditary factor, environmental factor 〇r both.^^ Sorsby's 
work stands as the model for our current understanding of the evolution of 
ametropia, particularly myopia. He and his co-workers demonstrated 
conclusively in their study that an emmetropization effect was noted in 
distribution curves of refraction as a result of a correlation of corneal curvature 
to axial length. In ametropes of 4 D and above, this correlation appeared to 
break down, however. Their study also indicated that neither the lens nor the 
anterior chamber depth was an effective emmetropizing factor. In all of their 
investigations, the main finding was the high correlation of total refraction to 
axial length. 
4.1.5 AXlALLENGTH 
Axial length is an important factor determining the「efractive state.^^ The 
majority of low myopia cases are caused by increased axial length of the 
eyeball (Goldschmidt, 1981). If the axial length exceeds 26 mm both collagen 
and hyaluronic acid concentrations have been found to be approximately 50% 
oo 
lower than emmetropic eye. Classical Sorsby studies led to the concept of 
axial length increase up to the age of 12-13 years and the same appears valid 
in Japan today.^^ An increase in the size of the eye during the early years of 
life is well documented. This growth have been divided into a rapid phase (birth 
to 3 years) with growth of about 5 mm called the「apid phase and a slow phase 
(3 to 13 years) of about 1 mm or 0.1 mm per year. It has been established that 
almost ail childhood and adolescence myopia is due to axial elongation. Adult 
onset of myopia probably is caused by axial elongation (Curtin, 1985). An axial 





while corneal curvature remained rather stationary.^e Corneal curvature was 
found to play only a minor role in the determination of refraction and the 
measurements of axiai length paralleled the degree of myopia.^^ In the young 
Chinese population there is a 2 mm shift in the axial length (normal = 23 mm) 
of the eyeball to a mean value of 25 mm (Sheu MM, 1982). The primary role of 
axial length in human refractive error was clearly established by Stenstorm 
(1948). The axial length is the dominant factor, with changes in it being 
correlated with growth changes in the other elements in such a way that the 
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resultant effect is a relatively stable refractive state. A high correlation was 
found between the refraction and axial length. The more myopic eye of an 
anisometropic eye-pair invariably had the greater axiaI length.®。 Axial length 
increases 0.1 mm each year and lens power decreases by 0.2 D (Lin et al, 
1990). 
4.1.6 VITREOUS LENGTH 
Vitreous elongation continued until the age of 10-12 years and a similar 
curve was obtained regarding axial length. That is, normal growth of the axial 
length stops at about 10 to 12 years. After 10 years of age the axial length 
changes only little in normal eyes.^8 The average variation of axial distances 
per 1 D of myopia development is as follows: an axial length increase of 0.24 
mm, a vitreous length increase of 0.29 mm, an anterior chamber depth 
increase of 0.076 mm and a lens thickness decrease of 0.073 mm (Kamiya, 
1986). Gonsequently the refraction will be dependent •门 the length of the 
ocular axis, that is mainly on the length of the vitreous cavity.^ ® There is a high 
correlation between the「efraction of the eye and length of the vitreous cavity. 
Myopia is usually created by a lengthening of the vitreous and a very strong 
correlation was found between refraction and vitreous length since it is not 
affected during corneal indentation 〇r applanation .8i'^ 7 Even very low myopia 






length is the most important single parameter in axial myopia.39 If nea「work 
induces myopia without ciliary spasm o「 lasting lenticular myopia, another 
(•• 
mechanism would be the elongation of the vitreous chamber.^ 
1 From the Japanese population the following are summarized from 
studies (AHosaka, 1988) 
i) The refractive condition in each person is mainly determined by the axial 
length. 
ii) The axial length of the eye depends mainly on the length of vitreous cavity. 
iii)The anterior part of the eye that is from the corneal surface to the posterior 
surface of the lens may differ from individual to individual. 
iv)However, the differences found are rather small and anterior segment axial 
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distances do not play an important role regarding refractive value. 
4.1.7 CHANGES OF REFRACTION IN PRE-SCHOOL CHILDREN 
Refraction goes through various changes during the life span of an 
individual and these changes depend on age. It was earlier believed that ail 
infants were hyperopic at birth but was later determined that as many as 20% 
to 30% of new-born were myopic (Goidschmidt, 1969; Mohindra, 1980; Cook & 
Glasscock, 1951) and that the incidence is higher in premature infants (Scharf 
J et al., 1975). Considerable changes in refraction 〇ccu「during the first year of 
life. In the first seven years of life a child becomes, on the average, slightly 
more hyperopic or less myopic (B「ovvn EVL, 1938 & Slataper FJ, 1950). After 
seven years of age, the refraction change begins to reverse toward less 
hyperopic or more myopic. This change is most rapid between the ages of 10 
and 14 years (Brown EVL, 1938 & Slataper FJ，1950). Small changes are stiII 
recorded between the ages of 14 and 20 years, after which time changes are 
few (Brown EVL, 1938 ； Siataper FJ, 1950 & Sorsby A et a!., 1970). Studies 
found that children who are hyperopic tend to retain the same refraction for 





I children who are or have become myopic, in one year the changes can be even 
! A A 
i 2 diopters toward more myopia. According to this study, the change of 
refraction in hyperopic children proceeds at a much slower rate than in myopic 
children,4i It is knov/n that a large amount of axial growth and corneal flattening 
/40 
takes place over the first few years of life. Although it has been shown that 
there is a higher risk of myopic progression in children with myopic fundus 
changes, with intraocular pressure above 16 mm Hg, and with myopia greater 
than or equal to 3 D (Jensen H, 1991), for the most part it has been assumed 
from the increasing prevalence of myopia seen with age in children, that 
myopia tends to progress. This may not, however, be the case for any 
individual chiId.^^ Myopia increased from 6% in the age group 5 to 10 years to 
a peak level of about 35% in adults aged 20-40, with a subsequent decrease 
towards old age, where hypermetropia showed a significantly increasing 
share.^ Hypermetropia of the young child decreases, myopia increases during 
adolescence and early adult life, and towards senescence a hyperopic drift is 
seen.^ The myopic infant is less likely to develop amblyopia and strabismus 
and low degrees of myopia may be left uncorrected in inf3ncy. Above -3 
diopter, the myopia should be fully corrected. In the school age child with low 
degrees of myopia are corrected when reduced distant vision interfere with 
school wo「k or games.^ Verlee (1968) suggested that an increase in myopia 
of school children may be expected with increasing near tasks. 
In Hong Kong most children aged from 3 to 6 years attend kindergarten 
and start writing simple English and Chinese words. They commence primary 
school at the age of six o「 seven, with long hours in school and doing 
homework. Hence, an early age to commence study, i〇ng hours of schooling 
and nearwork particularly with Chinese characters might contribute to the high 
prevalence and severity of myopia in this population. Non-cycloplegic refraction 
data in the first year of life reveals a shift from myopic readings in the early 
months to emmetropic 「eadings by 6 months (Mohindra & Held, 1981). In 
contrast, cycloplegic refraction were found to shift from myopia or emmetropia 
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in the first months to more hyperopic readings by 6 months of age 
(Abrahamsson & Sj〇st「and, 1992; Schaloj-Delfos et al., 1992; Wood &，H〇di, 
1992). Children who had neg3tive spherical equivalents as infants on average 
never reached the same level of hyperopia as those who had positive spherical 
equivalents.^® Studies show that the children who develop school-age myopia 
can be predicted from their infantile manifest refraction. Refraction in 〇lde「 
children can be predicted from their earliest manifest refraction, although the 
refraction at 1 year is a better predictor than at 3 months. The high correlation 
throughout childhood demonstrate that individuals tend to remain at their initial 
positions in the distribution of manifest refraction, even though its dispersion 
56 
reduces during the pre-schooI years. Childhood myopia progression is usually 
due to axial elongation，which is not compensated by reductions in corneal and 
crystalline lens power (Tokoro & Suzuki, 1969; Sorsby A, 1979; FIedelius HC, 
1982). It ciearly shows that the changes of refraction in hyperopic 
schoolchildren occur much more slowly than in myopic children of the same 
^ ^ ^ 6 1 age. 
4.1.8 DEVELOPMENT OF MYOPIA 
Considerable changes in refraction occur during the first year of life. In 
the following one or two years, the most striking change is the decrease in 
astigmatism (Ingram & Ba「「，1979; Atkinson et al., 1980; Gwiazda et al., 1984 ； 
Howland and Sayies, 1984, Edwards M, 1991). ln the first seven years of life, a 
child becomes,〇n the average, slightly more hyperopic or !ess myopic (Brown 
EVL, 1938; SIataper FJ, 1950). After seven years of age, the refractive change 
begin to reverse toward less hyperopia or more myopia. This change is more 
「apid between the ages of 10 and 14 years (Brown EVL, 1938; SIataper FJ, 
1950). Sma[| changes are still recorded between the ages of 14 and 20 years, 
after which time changes are few (Brown, 1938; SIataper FJ, 1950; Sorsby & 




years (i.e., before puberty) could progress faster than that which develops later 
(Rosenberg & Goldschmidt, 1981; Fledelius, 1 9 8 1 ) . If myopia is already 
present in infancy and in early childhood, then the influences involved at this 
stage are likely to be hereditary rather than environmental.^® The human eye 
undergoes extensive growth in the postnatal period. The increase of 
approximately 7 mm in axial length from birth to adulthood requires a「eduction 
of approximately 30 diopters of total refracting power to maintain an 
emmetropic state (Bennett & Francis, 1962). After 5 to 6 years of age, the axial 
length increases approximately 1 mm to its adult length,^ Young (1981) noted 
that myopia appeared to develop in two stages. The first stage was the 
development of a form of prolonged accommodation giving a temporary 
change in lens thickness, followed within less than 1 year by an increase in the 
size of vitreous length. Raviola & Wiesel (1985) observed in animal 
experiments that axial myopia developed in the lid-sutured eye, and the corneal 
curvature, anterior chamber depth, lens power of the lid sutured and the control 
eye were same. The same result was found in opaque cornea made by 
polystyrene beads, proved that this was not due a to temperature effect in the 
experimental eye. The myopigenic effect was greatest if the eyes are sutured at 
birth, but had no effect in the adult eye. Destruction of the visual cortex had no 
effect on the development of lid-sutured myopia, indicating subcortical or ocular 
control of eye growth.^^ In the rhesus monkey, neither the continuous 
instillation of atropine nor the transection of the optic nerve prevented the 
development of lid-sutured myopia, indicating that myopia develops via 
intraocular mechanisms independent of centr*3l nervous system feedback •厂 
ocular accommodation. Half lid-sutured in the stump-tailed monkey showed 
that accommodation and central nervous feedback played a partial role in the 
development of myopia. A minus lens makes a chicken develop axial myopia, 
whereas a plus lens stops the normal elongation of the eye, making the eye 
hyperopic. These effects appear to be independent of ocular accommodation 
(Schaeffel et al., 1990). In experiments where the temporal portion of the 
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chicken's visual field was restricted by the use of an occluder, the animal 
developed an eccentric expansion of the globe, causing an axi3l myopia.in the 
occluded visual field. In the unoccluded portion of the globe was emmetropic.^^ 
The focal length aiong eccentric visual axes of the chick eye change to 
c〇r「espond with the visual environment in the portion of its visual field (Miles & 
Wallman, 1990). F^aising chickens in a low-ceiling environment caused the 
development of myopia because of eccentric expansion of the vitreous 
chamber in that portion of the eye corresponding to the superior visual field. 
Posterior expansion in the experimentally induced myopic eyes is the result of 
scleral growth (as opposed to scleral stretching) and this growth occurs 
primarily in the inner as opposed to outer sclera ( Ghristensen et al., 1990; 
Rada et al., 1990 & Wu YR, 1990). Furthermore, this growth appears to vary in 
different regions of the sclera, being greatest at the posterior pole (Ghristensen 
et al., 1990). McBrien et al. (1989) showed that the lathyritic agent 
aminoprophonitrile, which weakens newly formed collagen, can increase the 
axial elongation and cause further thinning of the posterior sclera in 
experimental myopia. Although periods of accelerated growth may be much 
shorter, the growth processes that take place over weeks in the chick eye take 
place over one or two decades in the human eye. This extra period of time in 
the human adds to the difficulty of trying to solve the roIe of environmental and 
genetic factors in the development of myopia, ln pathologic myopia there may 
be a abnormal collagen metabolism that leads to a progressive asymmetric 
stretching and thinning of sclera. Intraocular p「essu「e, although important in 
normal ocular development and possibly in the development of all types of 
myopia， may play a more important role in this particular form of myopia. 
Abnormal susceptibility to normal or increased intraocular pressure may 
contribute to the posterior scleral exp3nsion 3nd staphyloma development. In 
the early stage of myopia development the anterior-posterior diameter of the 
eye elongates.®^ An early onset means a progression which continues over a 
longer time, while a later onset implies a slower progression for a shorter time. 
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The mean progression of myopia seems to continue at least up to 20 years of 
age for those whose myopia starts before the age of 1 s7^ Hirsch (1961) found 
that during the first six years of school between 84 to 90 pe「cent of the children 
show a refraction change in a linear fashion. During this same period, between 
6 and 8 percent of the children show a refraction variation in a curvilinear 
fashion, the curve being convex upward. Van Alphen (1961) proposed that the 
growth of the lens and cornea are influenced genetically but that 
accommodative activity influences growth of the axial diameter and thereby 
allows maintenance of emmetropia during development. When accommodation 
is increased ciliary muscle activity facilitates axial growth of the globe, whereas 
when accommodation is relaxed axial growth is impaired.^ 
4.1.9 EMMETROPIZATION 
The development of refraction is the result of a complex interaction 
between the growth of various ocular tissues. Many hypothesis regarding 
emmetropization have been postulated but the mechanism still unclear. This 
may represent a series of polygenic interactions where the phenotypic 
expression relies 〇n environmental conditions. In a study by TroiIo and 
WalIman (1991) both the myopic and hypermetropic eye were initially larger 
than normal yet growth of the vitreous chamber stopped in eyes compensating 
for myopia and continues in eyes recovering from hyperopia, regardless of the 
size of the eye. Refractive state rqther than eye size guides the eye toward 
emmetropia.9G Emmetropization depends upon the coordinated growth of the 
cornea, anterior segment, lens, and vitreous chamber. Growth of the anterior 
segment reduces the total optical power of the eye by decreasing the 
curvatures of the cornea and lens and incre3sing the depth of the anterior 
chamber. Gomeal power, lens power, anterior chamber depth and axial length 
(along with the respective indices of refraction of the different media) combine 
to determine the refractive state of the eye. Statistical analysis has shown that 
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significant correlation exist between the refractive components in emmetropic 
eyes of adults. Through infancy and childhood, these components undergo 
changes which result in the average refractive state changing from mild 
hyperopia to emmetropia.^^ Since a preponderance of emmetropia is seen in 
the adult population, there appears to be a developmental process (so-called 
'emmetropization') which results in growth of the refractive tissues toward 
emmetropia. Largely on the basis of experimental studies「eviewed elsewhere 
(Whitmore W G, 1991; Schaeffel F & Howland H C, 1988), it is felt that 
emmet「〇pization is an active process and not just a passive independent 
growth of the ocu!ar tissues. An emmetropization process occurs during the 
first 4 to 5 years (Mohindra & Held, 1981). During this period the manifest 
refraction of most children tend to converge on a slight degree of hyperopia. j 
Although the mechanism of emmetropization is unclear, there are some : 
！ 
suggestive leads. To some degree the overall uniform growth of the eye | 
I 
reduces ametropia {Wallman & Adams, 1987). Infants who suffer a lack of ： 
I 
visual feedback owing to pattern deprivation tend to develop axial myopia, 
I 
which suggests an altered process of emmetropization (Rabin et al., 1981). 
Most of the infantile astigmatism, which is corneal (Howland & Sayles, 1985), is 
greatly reduced or eliminated by 5 years of age, similar to the time period for 
the overall emmetropization process. Usually emmetropization arises from 
accommodation, but when too much accommodation occurred it would be i 
distorted to the myopic side resulting in significant myopia.®® 
4.1.10 SEX 
Both sexes are equally affected with l〇we「degrees of myopia but 
females are more prone to the higher degrees and to degenerative 
changes.7'5|23 jhere was beb^een 52o/o and 67% penetrance in the dominant 
3 8 
variety, females appearing to have a greater degree of expressivity. ‘ For the 




has an increased genetic penetrance of high myopia.® Corneal curvature, 
anterior chamber depth, vitreous length and axial length are larger for male 
than female.^^ The prevalence of myopia is higher in females (17.6%) than 
males (15.3%). While the prevalence of mild myopia was higher among the 
males, and moderate to severe myopia was higher among females.^® The「ati〇 
of females to males is 1.2-1.5 : 1. This may be related to the girls who have 
higher degree of sexual maturation at this age.^° In general myopia starts 
earlier in females than males. Myopia has been found to be more common 
among girls in the Manchurian Railway Study (McL_aren, 1961) which showed a 
prevalence of 25.4% for girls and 18.7% for boys, and also noted the「esults of 
a study among Japanese children in which girls showed a greater frequency of 
myopia 15.5% to 10.1%. In Goldschmidt's (1968) study the prevalence of 
myopia among girls was significantly greater than the boys (p < 0.001). Sharp 
increases of myopia usually occurs between the ages of 12 to 14 years and 
may be due to have a greater effect with early menarche (Gardiner, 1954) and 
.usually.amount of time spent 0门 reading and close work greater among the 
girls.96 According to Laatikainen et al. the annual incidence of retinal 
detachment is slightly greater for males than for females jn all age groups but 
the difference was not statistically significant. Of the phakic eyes 44.6-57.4% 
were myopic (-1.0 D or more). Myopic detachments composed 34.5-45.7% of 
all detachments and the percentage varied from 70% in the age group of 20-39 
years to 20% in the age group of 60 years or oider.^^ In earlier studies males 
_ have been found to be affected more frequently than females (Duke-Elder, 
1967). In the present study the proportion 〇f males to females corresponded 
with that in the general population except in the youngest age group where 
males had a preponderance of 3:1 mainly because of the high incidence of 
traumatic detachment in boys.^^ In non-traumatic retinal detachment there was 
a small sex difference with a higher incidence among females. At lower ages 
the morbidity from retinal detachment was higher in males than in females.^s 
The distribution of refractive errors in the non-traumatic retinal detachment 
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cases did not show any sex difference. In patients less than 60 years of age 
the incidence rates were higher in females than in males.^ ® When combined f〇「 
91 
all ages prevalence rates were significantly less for men than for woman. 
From the age of 25 to 80 myopia seems to be equal in women and men.^^ 
4.1.11 RISK FACTORS 
Many factors such as sex (Goldschmidt 1968; Aine, 1979; RichIer & 
Bear, 1980; Angel & Wissman, 1980)，close work/educational level (Tscheming 
1883; Yog 1975; RichIer & Bear, 1980), hormones (Balacco-Gabriel!i & Tundo, 
1981) and dietary aspects (Gardiner, 1958; Lane, 1981) may pIay a 「ole in 
causing myopia. The pathogenesis of myopia in humans is a complex and 
multifactorial process. Hereditary and environmental factors are both important 
in determining the ultimate refraction of the eye, although their relative 
importance has yet to be elucidated. Numerous studies suggest that heredity, 
environment or both are involved. Myopia may be associated with hereditary ‘ 
I 
I 
retinal orvitreoretinal disorders, e.g., retinitis pigmentosa, choroidermia, gyrate 
atrophy, Stickler's and Wagner's syndrome (Curtin， 1985)， cone dystrophy 
(Francois, 1974). Heredity studies in myopia have shown autosomal dominant 
i' 
and autosomal recessive types of inher i tance.®< There are two theories which ！ II 
ii 
have related myopia and education level. The biological theory described by 广 
Sofae「and Emery (1981) in a study of British members of Mensa showed an 
association between high l〇 and myopia. Evaluation of scholastic achievement 
test sc〇「es by Heron and Zytkoskee confirmed that persons with poor visual 
acuity perform better on tests than individuals with normal acuity. Peckham et 
al. found that superior educational attainments were already apparent before 
the onset of myopia as found in 7 year olds. The biological theory views myopia 
as the result of genetically determined characteristics of eye tissues. It predicts 
that either age from birth or age from puberty explains any tendency for myopia 




myopia genes are inherited with those for intelligence, hence the correlation of 
myopia with education, 
Bea「，Richler and Burke found that refraction was consistently correlated 
with nearwork from ages 5 to 60 even after adjustments for age and sex. Large 
amounts of nearwork in childhood contribute to the prevalence of clinical 
myopia.22 Angel and Wissman noted that when one controlled for education, 
age was not「elated to increased myopia. Young et al. (1969) and Woonruff & 
Somek (1977) found that the introduction of formal education in Eskimo and 
Amerind populations has dramatically increased myopia. In utero ocular growth 
proceeds according to poorly understood genetic factors. Environmental 
disturbances at this time (i.e. maternal illness) may upset the normal 
relationships between the refractive components resulting in the presence of 
myopia at birth or in conditions which lead to the development of myopia in 
early childhood. Congenital or developmental myopia can be seen in 
association with systemic disease, with ocular disease alone, or as an isolated 
finding. The mechanism by which prolonged accommodation, convergence , 
‘ ,1 
and/or nea「visual output over long periods of time might cause an increased 
prevalence of myopia seen is still debated. Coleman (1970) has postulated an 
i 
aqueous-vitreous pressure gradient (pressure greater in the vitreous) during ； 
_ i： 
accommodation which presumably could result in increased stress on the 1 
f! 
sclera with consequent stretching and elongation of the globe. The factors : 
which influence ocular development during the period of growth are as yet 
uncharacterized, although there have been numerous studies supporting 
hereditary determinants of myopia (Wold, 1949; Sorsby., Sheridan & Leary, 
1962; Curtin, 1985; Lin & Chen, 1987; Teikari., 0'Donnell., Kapiro & 
Koskenvuo, 1991; Yap., Wu., Liu., Lee & Wang, 1993; Zadnik., Satariano., 
Mutti., Sholtz & Adams, 1994). Twin studies, in particular, have provided strong 
evidence for the inheritance of myopia.^^ That diet may have some effect on 
myopia is confirmed by the work ofWalkingshavv (1964) and Gardner (1964) in 
England. Three risk factors for myopia were evaluated to predict myopia: a) 
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refraction in infancy b) refraction at school entry and c) parental history of 
myopia.55 The basic tenets of accommodation theory are that, the 
accommodation and/or convergence create force on the sclera and a resuitant 
increase in intraocular pressure. This higher pressure would then be poorly 
resisted by the sclera, resulting in expansion, excessive ocular length and 
myopia (Van Alphen, 1961; Young, 1975). Destruction of the visual cortex had 
门0 effect on the devebpment of lid-suture myopia, indicating subcortical or 
ocular control of eye growth. Conflicting results for tests involving 
accommodative blockade and optic nerve transaction vvere found in the two 
different species monkey used in the experiments. In the stump-tailed monkey 
the half lid-sutured myopia indicating that accommodation and central nervous 
system feedback played a partial role in the development of myopia in this 
. 57 
species. 
Heredity is an important factor in the development of myopia and 
demonstrated clearly by the high concordance of refraction between siblings in 
twin studies. The correlation, which approaches unity for monozygotic twins, is 
still significant between siblings of dizygotic twins, but falls to zero in matched 
pairs. Genealogic studies have shown b〇th autosomal dominant and recessive f 
丨, 
modes of inheritance fo「myopia in certain pedigrees, but the majority of studies ！ 
i.: 
fail to show any strict pattern of heredity. A polygenic transmission, therefore, is 
j 
presumably the predominant mode of inheritance. The polygenic nature of : 
myopia inheritance and the complexity of myopia development will continue to 
impede attempts to relate genotype to myopia phenotype. According to Hirsch 
(1969) & Ashton (1985) children who are myopic are more likely to have 
parents who are also myopic. The g「eate「the child's myopia, the more likely 
the parents are also myopic. When both parents are myopic, the prevalence of 
myopia in the offspring is at least three times higher than when neither parent is 
'myopic. It is well known that children 〇f Chinese or Japanese descent have a 
high prevalence of myopia. At the high school level it is not unusual to find 






& Lewis, 1991). However, a recent study suggests that myopia found in infancy 
is probably inherited in an autosomal recessive manner (Edwards & Lewis, 
1991). The theory described by Steiger (1913), the characteristics of each 
components of the eye which affects spherical refraction are genetically 
determined and in the population independently and normally distributed 
(Gaussian distribution) with means that produce emmetropia7^ 
It is generally accepted that environment plays a roIe in the development 
of myopia on the basis experimental evidence in animals and because of 
strong clinical correlation with situations similar to these experimental 
conditions in humans. Isolating different environmental influences in myopia 
development and the different effects they have on the various components of 
refraction has been a particularly perplexing problem. The strong association of 
myopia with a history of near work over prolonged periods implicates ocular 
accommodation as a factor in the development of myopia. That atropine does 
not stop myopic progression in all patients indicates other factors are 
involved.57 A study of mildly myopic schoolchildren showed that myopic 
progression could not be stopped by the use of bifocals or by reading without 
spectacles (Parsssinen 〇 et al., 1989). On the contrary, this study found a 
I 
trend toward less myopic progression in those children who continuously used 
their full spectacle correction. The degree of myopia found in population | 
5 
surveys is influenced by age, sex, ethnicity, level of education, social class and :( 
'f 
level of urbanization (>^ngie & Wissmann, 1980; Gurtin, 1985). These effects 
can be explained by postulating that nearwork, particularly reading, is one of 
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the prime factors causing myopia. 
ln its most common f〇rm, the use-abuse theory of myopia states that 
continual near-work, such as reading, causes myopia. Virtually all use-abuse 
theorists share the view that near-work results 丨门 the tensing of the extraocular 
muscles and that this tension over time makes the eye permanently more 
myopic. The use-abuse theory explains the epidemiology of myopia in terms of 
the amount of near-work people in different social categories do7^ In this 
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theory, continual intensive accommodation is said to elongate the choroid and 
sclera along the anterior-posterior axis of the eye and thus to cause myopia 
(Dunphy E, 1970; Young F, 1970). Studies since the 19th century have 
continued to show increases in the incidence and severity of myopia during the 
school years.75 
A role for increased intraocular pressure in the development of myopia is 
suggested by cases of unilateral congenital and juvenile glaucoma where the 
affected eye become more myopic. Coulombre (1956) studying embryonic 
chick eyes, demonstrated stunted scleral development (despite normai growth 
of choroid and retina) in eyes with intraocular pressure lowered to zero, , 
supporting a roIe for intraocular pressure in normal ocular development. Pruett : 
(1988) reviewed the clinical and experimental evidence in favor of a primary 
role for increased intraocular pressure (or abnormal susceptibility to normal 
intraocular pressure) in the development of myopia. Transient and repeated 
elevation of intraocular pressure may be caused by different actions of the 
extraocular muscles (e.g., convergence, downgaze), accommodation, and 
eyelid squeezing. Other factors may include dependent posturing of the head 
may result in hypostatic congestion in the eyes i.e. increased venous pressure 
in the choroid and ciliary body (Levinsohn, 1931 & Mohan et aI. 1977). These ‘ 
intraocular pressure elevations may cause irreversible stretching of the sclera ['• 
!|.j 
in genetically or pathologically susceptible eyes over time. ( 
'i 
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A kindergarten located at the Sha Tin, New Territories was randomly 
selected. Details of the proposed study were explained to parents and school 
teachers. All subjects who could complete the questionnaire and undergo the 
complete ocular examination, which included cyclopegic refr3ction 3nd ‘ 
I 
biometric measurements we「e included in the study. Exclusion criteria were: ； 
incomplete questionnaire or ocular examinations, cases of squint or amblyopia 
and over age. 
The reason for refusal to participate were: a) Parents were too busy to 
fill out the questionnaire, b) Parents worried about side effects of cyclopIegic 
eye drops and c) Parents thought that their children were normal and there no 
particular reasons to participate in the study. It was found in these cases that all 
of them had normal vision, with visual acuity of 20/30 or better in the selected 
V 
subjects. 
The number of overage was 32, strabismus 3，amblyopia 2, failed :丨,丨 
f 
refraction and A-scan after dilatation was 4. The medical and surgical history (. 
was only included allergic rhinitis, mild respiratory distress and tonsillitis. 
A total of 237 childrens (girls =114 and boys =123) and their parents 
were included in the study. No pattern emerged to suggest that self-selection 
was causing a bias in the distribution of refractive e「「o「s in the sample. 
All studies were on school grounds during regular school hours. The eye 
examination included visual acuity assessment, refraction & keratometry before 
and after dilatation, A-scan fo「anterior chamber depth, crystalline lens 





The questionnaire was composed of f〇u「parts: a) general personal 
information, b) major illness and ocular history, c) mother's and father's 
personal information, school achievement, history of myopia, age starting 
wearing myopic glasses, family history of high myopia and d) amount of near 
丨 work， both time and distance in school and home, time of exposure to TV, 
I computer, video-game and game-boy (Appendix I-11). Diopter-hours was ^ 
I measured as hours per week, as reported by the parents and school teachers | 
in activities such as writing, reading, and TV watching. A single week's diary of ；; 




5.1.2.2 EYE EXAMINATION 丨 
I 
A standardised eye examinations were performed which included: i) … 
visual acuity, ii) autorefraction iii) keratometry and iv) A-scan biometry 
(Appendix lll-lV). ‘ 
I) Visual acuity: The visual acuity with or without glasses was measured : 
by E optotype (Sheriden-Gardiner VA Chart) in both eyes separately at a ('^  
standard (6 m) distance and with pinhole. 
II) Auto-keratorefraction: Refraction with and without cycloplegia were 
measured by Topcon KR 7100 auto-keratorefractometer. Auto plus fogging 
procedure was used during auto「ef「action. Each eye was measured three times 
including after dilatation. Tropicamide 1% and cyclopentolate 1% were used 
three times at 10 minutes interval for dilatation and the eyes were examined 
after 3〇 to 45 minutes. The refractive values were taken as the spherical 
equivalent {SPEQ) in diopters (D). SPEQ = spherical value + X of cylinder 
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value. Myopia was defined as a spherical equivalent greater than -0.50 D, 
emmetropia from -0.50 to +0.50 D and hyperopia was greater than +0.50 D. 
III) Keratometry: Keratometry of both eyes was performed by the auto-
keratorefractometer (Topcon KR 7100) with o「without cycloplegia. 
IV) A-scanbiometry: Anteriorchamberdepth, crystallinelensthickness, 
vitreous chamber depth and axial dimensions were measured by A-scan 
ultrasound with Stortz Compuscan LT V2.00 @ 19993 with a hard probe (to 
「educe likelihood of probe compression) which has a central fixation light. The 
ultrasound velocity of was 1550 m/sec. Speed fo「lens was 1640 m/sec. Prior to 
this measurement one drop of proparacaine hydrochloride 0.5% was instilled 
/ 
after full dilatation of pupil. After proper asepsis three readings were recorded i； 
I' 




All the data were computerised. Means and standard deviations (SD) of 
quantitative data were calculated. Diopter-hours we「e calculated as sum of 
visual tasks in school, home and exposure to TV (time x 1/distance) hours per )' 
week. All the visual tasks were analyzed first individually of writing, reading and j； 
TV (duration and distance), then combined time of writing and reading, distance f 
of writing and reading both in school and home. TV watching (duration and 丨 
distance) were calculated separately. The results were analysed with 
independent sample t-test, multivariate analysis of variance, Levene's test for 
equal variance， correlation coefficient, Pearson Chi-square test of 
independence, multiple regression analysis, Mann-Whitney U, K W One-Way 
Anova, Scheffe test ,Wilcoxon Rank Sum W test, reciprocal (Duration x 
1/Distance) and analysis "of covariance using the statistic3l package 
SPSS/PC+. Parental myopia and grade of education were categorical 
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CHAPTER 6 
6.1 RESULTS 
The participation 「ate were 83.73%. After applying exclusion criteria 
there were 114 girls (48.10%) and 123 boys (51.90%) whose age ranged were 
36 to 83 months (mean 59.43 months; see Figure 1). Twelve children (5.06%) 
with myopia > 0.05 D were excluded from analysis. 
6.1.1 THEDISTRIBUTI〇N〇FREFRACTl〇N ‘ 
I 
In this study, myopia was defined as SPEQ more than -0.5 D, ,； 
p 
emmetropia -0.5 D to +0.5 D and hyperopia more than +0.5 D. The distribution 
of refraction including spherical equivalent (SPEQ) is shown in Table 1(a). 
The refraction in RE was 0.86+0.84 D (Mean±SD) and values ranged 
from -1.50 to +5.00 D. The percentage of myopia among the subjects was 
4.22%, emmetropia 28.69% and hypermetropia 67.09% (Table 8). 
The refraction in LE was 0.82±0.95 D (Mean±SD) and values ranged 
from -2.00 to +5.00 D. The percentage of myopia among the subjects was v 
6.76%, emmetropia 31.22% and hypermetropia 62.02% (Table 1b). The RE & ；.； 
LE are shown in Figure 2. | 
The analysis shows there was no significance difference between the 丨 
visual acuity in the right and left eye (t-test: P > 0.05). Table 2 shows the 
performance of visual acuity. 
The right eye would be considered for analysing the correlation betv/een 
the different variables fo「the following reasons a) there was a high correlation 
between the refractive value in the right and left eyes (r = 0.3641 and P < 
0.001); b) the statistical assumptions of independence would be violated if both 
eyes are used indistinguishably in the same analysis and c) there are some 
publications which suggested to study RE only (Mide!fart A et al., 1992; 
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Edwards M, 1991; Lam & Goh，1991; Bear et al., 1981) and ail the figures 
given a「e for the right eye unless otherwise stated. 
6.1.2 THE RELATIONSHIP BETWEEN AGE WITH REFRACTION AND 
OPTICAL COMPONENTS 
The relation between aqe and refraction 
The analysis shows there was no significant relation between age and 
refraction where「二 -0.0390 and p = 0.550. 
The refractive components including corneal curvature (CC), axi3l length 
(AL), anterior chamber depth (ACD), crystalline lens thickness (LT) and ( 
？ 
vitreous body length (VL) have been analysed with different variables. The ,., 
mean of axial length in FlE was 21.97+0.79 mm (range 19.67-23.99 mm) and in •‘ 
the LE the mean was 21.91±0.88 mm (range 18.04-23.98 mm). The RE & LE 
distribution shown in Figure 3. The correlation between the right and left axial ； 
length was significant (r = 0.1560 & P < 0.05). In the analysis for the 
relationship either between ocular refraction and optical components or with ‘ 
different variables, the right eye of the subjects have been used for all after , 
pupil dilatation and all the figures given are for the right eye unless otherwise v 
stated. 
!i' 
Relation between aqe and axial jenqth (AL) |! 
For the right eye the axial length was 21.97±0.79 mm (range value were / 
19.67 to 23.99 mm). The axial length had a strong correlation with age (r = 
0.2347 and P < 0.001) and the distribution is "shovvn in Figure 5 and described 
in Table 4 and 10. 
Relation between aqe and vitreous length (VL) 
The vitreous length in the subjects was 14.99t0.67 mm (range value 
were 13.44 to 17.99 mm shown in Figure 4). There was a high correlation 
between age and vitreous body length where (r = 0.2245 and P < 0.001). The 




Relation between aqe and lens thickness fLT) 
The lens thickness in the subjects was 3.79±0.35 mm (「ange value were 
3.03 to 5.5 mm). There was no correlation between age and lens thickness (r 二 
0.0490 and P = 0.453). 
F^elati〇n between aae and anterior chamber depth (ACD) 
The anterior chamber depth in the subjects was 3.18±0.36 mm (「ange 
value were 1.7 to 4.04 mm). There was no correlation between age and 
anterior chamber depth (「= 0.0516 and P 二 0.429). 
Relation between aae and corneal curvature (CC) 
/ 
The corneal curvature in the subjects was 44.16±1.5 D (range value j 
i 
were 40 50 to 49.37 D). There was no correlation between age and corneal ：； 
1' 
curvature depth {r 二 0.0008 and P 二 0.991). 
6.1.3 RELATION BETWEEN SEX AND REFRACT!ON 
Relation between sex and r6fr3ction 
The number of fema!e subjects was 114, refraction among the girls was 
0.95 土 〇.77 D in the RE. The number of male subjects was 123 and the 
I, 
refraction was 0.77+0.90D in the RE. Multivariate analysis of variance shows <, 
the two groups were not significantly different where t 二 -1.58 & P 二 0.116. :丨. 
i-' 
Table 7 and 8 show the distribution of refraction among males and females. |; 
/ 
6.1.4 RELATION BETWEEN REFRACTION AND OPTICAL COMPONENTS 
Relation between refraction and axial lenqth 
The axial length was 21.97±0.79 mm. Analysis shows that refraction and 
axial length were highly correlated where「= -0.4396 and P < 0.001. Figure 7 
shows the distribution of refraction and axial length. 
Relation between refraction and vitreous length 
The vitreous length was 14.99±0.67 mm. The refraction and vitreous 
length were highly correlated where 「= -0.3942 and P < 0.001. This has been 
shown in Figure 8. 
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FRelation between refraction and lens thickness 
The lens thickness was 3.79+0.35 mm. There was no relation between 
refraction and lens thickness where r = -0.0401 and P 二 0.539. 
Relation between refraction and anterior chamber depth 
The anterior chamber depth was 3.18+0.36 mm. There was a negative 
relation between refraction and anterior chamber depth where r 二 -0.1990 and 
P 二 0.002. 
Relation between refraction and comesl curvature 
The corneal curvature was 44.16±1.5 D. There was no correlation 
/ 
between refracfion and corneal curvature where r 二 -0.0304 and P = 0.641. ;^ 
'.'. 
6.1.5 RELATION BETWEEN REFRACTION AND VISUAL TASKS 》 
•} 
The relationship between refraction and environmental factors i.e. visual 
11 
task has been studied among the subjects. In the investigation the school ’ 
'I 
teachers and parents were asked to record the hours spent in visual activities 
which included writing, reading, drawing/game, TV, computer, video-game and : 
I • 
gameboy (Appendix l-ll). They were also asked about the working distance and 丨 
.1 
I, ’ 
size of the instruments. According to data collected from the questionnaire and ,, 
examination sheet, the relation betv/een refraction, axial length, vitreous body 
ii' 
length and diopter hours i.e., visual task (both duration and distance in school ,,! 
( 
and home) have been analysed in the following ways (Distribution between / 
visual taski SPEQ, AL and VL have been shown in Table 12-23): 
Relation between refraction and working time 
The relation between refraction and working time such as total writing 
time in school and home was 389.89±189.69 min/wk (range 60-1385 min), the 
total reading time was 2〇3.6〇土164.60 min/wk (range 20-1165 min), the total TV 
watching time was 831.〇6±536.18 min/wk (「ange 10-3060 min). The analysis 




Relation between refraction and sum of writing & readinq (time) 
The analysis shows the total time of writing & re3ding was 
593.49±306.34 min/wk (「ange 80-2550 min). There were n〇 significant 
correlation found where r 二 -0.0071 & P > 0.05. 
Relation between refraction and working distsnce 
The writing distance in school was 22.89±7.61 cm (range 10-40 cm), at 
home was 25.00±7.89 cm (range 10-50 cm), the reading distance in school 
was 25.13+5.43 cm (range 15-58 cm), at home was 27.11±7.46 cm (range 10-
53 cm), the TV watching distance was 276.91土58.29 cm (「ange 175-380 cm) in 
I 
school, at home was 198.61i71.34 cm (「ange 30-459 cm). There was no 
significant correlation found between working distance and refraction, p > 0.05. 
Diopter-hours were calculated as the sum of near work in school, home 
3nd exposure to TV (time x 1/distance) hours per week. The summation 
represents the measurement of child's visual activities according to the amount 
of accommodation in diopters (D) required to perform them. According to the 
formula {3 x (writing time +「eading time) + 2 x (TV game time) + TV time} 
(Zadnik et al., 1994) controlling for age, no relation was found between 
diopters-hours and children's refraction where p > 0.05. The present study uses 
the actual reported data, in contrast to Zadnik's formula where the fixed 
distance have been used. 
I Relation between diopter-hours and「ef「acti〇n ‘ 
I The analysis shows the diopter-hours was 30.37±15.52 hours (「ange 7-
！ -
I 1〇〇 hours) in a week. There was no significant correlation found where r = 
-0.0531, P = 0.43. Diopter-hours of school and home have been described in 
Table 24-26. 
Table 47 & 48 represent ocular components and refractive error data on 
the entire sample. The results show the axial and vitreous length increase with 
age. The estimate of the proportion of the variance explained by the models 
(SPEQ, CC, ACD, LT, VL, AL & LP) and controlling for 3 variables (age, 
41 
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diopter-hours and parental history) as a function of parental myopia and of 
visual task as measured by diopter-hours. Since in these method no FR^  were 
available, Wilks Lambda test has been used to summarize all the models. No 
relation was found between diopter-hours and refraction (「= -0.0166, p = 
0.799). 
6.1.6 RELATION BETWEEN OCULAR COMPONENTS AND VISUAL TASKS 
Relation between axial lenath and workinq time 
The total writing time (school and home) was 389.89土189.69 min/wk 
(range 80-2550 min), the total reading time (school and home) was ‘ 
203.60士164.60 min/wk (range 20-1165 min), the total TV time (school and 
home) were 831.06±536.18 min/wk (range 10-3060 min). No significant 
correlation {P > 0.05) was found between axial length and working time. 
Relation between axial lenqth and sum ofwritinq & reading time 
The writing and reading time (school and home) was 593.49士306.34 
min/wk. There was nosignificant correlation between AL & reading and writing 
time where r 二 0.1230 and p 二 0.06. 
Relation between axial lenqth and working distance 
The writing distance in school we「e 22.89±7.61 cm, at home was 
i 
25.00±7.89 cm, the reading distance in school was 25.13±5.43 cm, at home 
was 27.11t7.46 cm, the TV watching distance in school was 276.91±58.29 cm , 
and at home was 198.61士71.34 cm. No significant correlation was found 
between them. 
Relation between vitreous lenath and working time 
The total writing time (school and home) were 389.89±189.69 min/wk, 
the total reading time (school and home) was 2〇3.60±164.60 min/wk, the total 
TV time (school and home) was 831.〇6土536.18 min/wk. No significant 
correlation was found between vitreous length and working time where p > 
0.05. 
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Relation between vitreous lenath and sum ofwritinq & readinq time 
The writing and reading time (school and home) was 593.49±306.34 
min/wk. There was no significant correlation betv/een VL_ and reading and 
writing time where r = 0.1104 and p 二 0.09. 
Relation between vitreous length and working distance 
The writing distance in school was 22.89±7.61 cm, at home was 
25.00±7.89 cm, the reading distance in school was 25.13土5.43 cm, at home 
was 25.00±7.89 cm, the TV distance in school was 276.91士58.29 cm and at 
home was 198.61±71.34 cm. There was no significant correlation between 
/ 
I vitreous length and reading distance where p > 0.05. j: 
I Diopter-hours were calculated as the sum of near work in school, home :•； 
1 ’ 
1 and exposure to TV (time x 1/distance) hours per week. The summation 
‘ 
I; represents the measurement of child's visual activities according to the amount 
of accommodation in diopters (D) required to perform them. According to 
|51 
(Zadnik et al., 1994) formula {3 x (writing time + reading time) + 2 x (TV game 
time) + TV time} controlling the age, no「elation was found between diopters-
:¾! 
:' hours, children's axial and vitreous length where p > 0.05. Author used the 
actual reported data, in contrast to Zadnik's formula where the fixed distance • 
have been used. ;: 
Relation between diopter-hours and axial lenqth < 
The analysis shows the diopte「-hou「s was 3〇.37±15.52 h〇u「s (range 7- z 
100 hours). No significant correlation was found between axial length and 
i diopter-hours where r = 0.0729, P = 0.26. 
:秦 ‘ 
i FRelation between diopter-hours and vitreous lenqth 
The analysis shows the diopter-hours was 30.37±15.52 hours (「ange 7-
I 100 hours). No significant correlation was found between vitreous length and 
f 
diopter-hours where「二 0.0721 ’ P = 0.26. 
1 • I 
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No significant relationship was found between diopter-hours and axial 
length (t = 0.338，p = 0.736), and between diopter hours and vitreous length ( t 
二 0.339, p = 0.735) after controlling the age. However axial and vitreous length 
were found to be increased with age (t 二 3.475, p 二 0.001 and t 二 3.308, p 二 
0.001 respectively). Diopter-hours and all model adjusted for age was 
calculated both in school and at home. 
6.1.7 RELATION BETWEEN OCULAR COMPONENTS AND REFRACTION 
TO PARENTAL HISTORY 〇F MYOPIAAND EDUCATION 
Two hundred and thirty seven pai「s of parents gave their history of | 
) 
I 
refraction and grade of education through a questionnaire. Neither parent was 
myopic in 120 cases (50.63%), one parent was myopic in 78 (32.91%) and both 
parents were myopic in 39 (16.46%). 
In myopic parents group 0 (neither) the children's axial length was 
21.98±0.80 mm (range 20.20-23.99 mm), group 1 (either) was 22.01+0.80 mm 
(range 19.67-23.89 mm) and group 2 (both) was 21.86±0.70 mm (range 20.10-
23.48 mm). Distribution has been shown in Table 30. Figure 9 shows the 
distribution. ' 
In myopic parents group 0 (neither) the children's vitreous length was 
14.98±0.71 mm (range 13.47-17.99 mm), group 1 (either) was 15.03±0.67 mm ”: 
(range 13.44-17.32 mm) and group 2 (both) was 14.91±0.51 mm (range 13.97- ^ 
16.16 mm). Table 31 describes the distribution. Figure 10 shows the relation 
between them. 
The children's ref「acti〇n in parents group 0 (neither) was 0.93±〇.9〇 D 
(range -1.25 to +5.00 D), group 1 (either) was 0.77t0.74 D (range -1.50 to 
+3.00 D) and group 2 (both) was 0.82+0.86 D (「ange -1.25 to +4.25 D). The 
distribution is shown in Figure 11. Table 27 and 35 show the parental myopia 
and SPEQ of children. 
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Using Multivariate Analysis of variance, the means of axial length, 
vitreous body length and refraction were found to have no significant difference 
fo「different parental myopic groups (WiIks Lambda 二 〇.985, p 二 0.741). 
Relation between maternal education and children's refraction 
The extent of maternal education was grade 1二 99, grade 2 二 136 and 
grade 5 二 2. The meaniSD of SPEQ of mother's education of grade 1 was 
〇.87土0.73 D, grade 2 was 0.84+0.92 D and grade 5 was 1.62土0.18 D. No 
significant correlation was found between them where p 二 0.43. Figure 12 
shows the distribution between them. Table 28 describes the mother's 
education and SPEQ of children. • 
I) 
Flelation between paternal education and children's refraction :, 
The number of paternal education was grade 1= 75’ grade 2 = 154, ' 
grade 3 = 3，grade 4 = 1 and grade 5 = 4. The Mean±SD of father's education 
I 
of grade 1 was 0.94±0.78 D, grade 2 was 0.82±0.87 D, grade 3 was 1.00±0.25, 
grade 4 was 1.25 and grade 5 was 0.62±1.31 D. No significant correlation was 
found between them where p = 0.79. Distribution has been shown in Figure 13. 
Table 29 describes the father's education and SPEQ of children. , 
Table 47 & 48 represent ocular components and refractive error data on : 
the entire sample. The estimate of the proportion of the variance explained by 
M 
the models (SPEQ, CC, ACD, LT, VL, AL & LP) and controlling f。「3 variables ,; 
(age, diopter-hours and parental history) as a function of parental myopia and z 
of visual task as measured by diopter-hours. Since in these method no R? were 
available, the Wilks Lambda test has been used to summarize all the models. 
These results show the axial and vitreous length increase with age. The results 
also show that children with myopic parents are more hyperopic with no 
significant change in optical components. Effects of parental myopia, diopter-
hours and age on axial length and vitreous length were studied by multivariate 
analysis of variance. Parental myopia was found to have no significant effect on 
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When studying the relative risk of a child with myopic parents or non-
myopic parents developing myopia, odds ratios (OR) were calculated. Odds is 
the number of myopic children divided by the number 〇f non-myopic children. 
Odds ratio were calculated among the cases with myopic parents divided by 
the odds among the cases with non-myopic parent. The mean SPEQ of the 
parents and their children were calculated. The risk of myopia fo「children when 
one of the parents is myopic was studied in terms of odds ratios (OR). 
Distribution has been shown in Table 32. 
The prevalence of myopia was 4.22% (the relative prevalence of myopia 
/ 
for girls and boys according to age have been shown in Table 33). Myopia !, 
I' 
among students whose parents were both myopic only 2 (20%), either myopic ： 
,' i 
3 (30%) and whose parents were non myopic 5 (50%). This is described in 
Table 35. The analysis shows that the children with either 〇「both myopic 
, I 
parents have no significant influence on refraction and ocular development on 
children (Table 38-40). The Spherical equivalent has a significant correlation 
with axial and vitreous length but there was no statistically significant「elation 
with visual task. A summary of mean, range, SD, r and p value of different 













Neonates are hyperopic and in the majority of cases become 
emmetropic as they grow and develop. Congenital myopia may leads to myopic 
state at the pre-school children period, ln these groups of subjects parental 
history of myopia may be a contributory factor. The pre-school children who 
participate in intensive visual tasks may develop myopia as a result. The eyes / 
‘ ii' 
that will eventually become myopic may be normal in size at this time but may •' 
grow rapidly or there may be failure to compensate between refractive optics 
and axial elongation. The causative factors in myopia are still controversial 
about. Multiple investigators have used different definitions of myopia and 
tested subjects at different ages and different investigational methods. This 
makes comparisons beb^een studies difficult in many cases. 
It has been recorded (Edwards, 1991) that 95% of all children aged 3 to 
6 years in Hong Kong attend a kindergarten. The kindergarten population ': 
therefore closely approximates the general population of the same age. 
Children in these kindergarten classes start writing English and Chinese words '; 
<' 
for many hours in school and as weil as completing homework. The degree of , 
near work effort to which these children are exposed could be a major 
predictive factor fo「the development of myopia. Hence, an early age in 
commencing study and long hours of near effort might have contributed to the 
‘ development of myopia observed among the Ghinese students (Lam & Goh, 
1991). This type of study was done by BaIdev et ai. (1990) in India and it was 
found that those children who start their formal education at the age of 3-4 
years are more myopic than those who start after the age of 5 years. 
Ghan & Edwards (1991) refracted 570 Hong f<ong Ghinese children 
aged 36 to 65 months. Both spherical and cylindrical components of the 
47 
refractive error were found to decrease with increasing age. In another 
investigation, Chan & Edwards (1991) measured a spherical equivalent of 
+0.63士0.53 D in 570 subjects having a mean age of 51.8 months. In the 
author's study the mean age was 59.34土10.64 months and the spherical 
equivalent power was +0.86±0.84 D. The prevalence of myopia was 4.22%. 
Lam 8c Goh (1991) recorded data from 383 subjects, 144 of whom (55 
girls, 89 boys) were from primary school in fHong HCong. They found that 
prevalence of myopia increases from 30% at age six to seven to 50% (girls) 
and 70% (boys) at the age 16-17. The range of spherical equivalent was 
between -0.01 and -1.00 D. The curve of plotted data peaks at -0.50 D and is ji 
l' 
skewed heavily towards the myopic. 40% of the children were found to be :: 
emmetropic (defined as spherical equivalent between -0.50 to +0.50 D), more 
than 550/0 were myopic (greater than -0.50 D) and less than 5% were hyperopic 
(greater than +0.50 D). 
There was a gradual increase towards myopia with increasing age, with 
most of the change occurring between age 6 and 10 years.^° Zadnik et aI. 
(1994) observed that 12.2% of children between age 6-14 years were myopic if ,： 
both parents were myopic, ln contrast, only 8.2% were myopic if only one '' 
parent was myopic and only 2.7% were if neither parent was myopic. The : 
definition of myopia was at least -0.75 D. Krause et al. (1991) found a ^ 
/ 
relationship of myopic refractive error between a child's and their father's 
myopia but the children were measured at 20 years of age and the definition of 
‘ m y o p i a was greater than -0.25 D. In the present study the「e was n〇 observed 
parental influence 〇门 children's eye size & refraction, although the sample size 
was relatively small. Sheu et al. (1983) found that only 2% of Taiwanese pre-
schoolers were myopic, but follow-up study among the same group showed a 
prevalence of myopia of 27.3% after four- years. 
Refractive error strongly correlated with axial length and vitreous depth 




length has the greatest influence on refraction and it is the important parameter 
in determining myopia since it is less disturbed during A-scan uK「as〇nog「aphy 
(Hosaka, 1988; Grosvenor, 1993). In the present study it was found that the 
vitreous length increases with refraction and age. Hence the vitreous length 
has a close relation with both refraction and age. The refractive status of the 
human eye is primarily determined by four factors: a) corneai curvature, b) 
anterior chamber depth, c) lens thickness and d) axial length. The author also 
found that the axial and vitreous body lengths have a close relationship with 
「efractive status and age. 
f 
The data relating refractive status and optical components of the , 
;‘: 
children were analyzed scientifically during author's study. Axial and vitreous ； 
length have a statistically significant correlation with refraction and increased 
age (P < 0.05). Several studies have found that the optical components that 
determine the degree of myopia were related to the elongation of vitreous 
chamber or the axial length (Fledelius, 1982; Lin et aI, 1988; Hosaka, 1988). 
This study showed no correlation between the axial and vitreous lengths with 
amount of time devoted to visual tasks. The data suggest that increased age 
have a significant positive correlation with increased AL & VL and increased AL ‘' 
& VL have a correlation with refraction which might explain the high prevalence 
ii 
of myopia in this population. As myopia correlates very well with axial and ‘( 
vitreous length, these results suggest that increased age rather than genetic '' 
factors have a greater degree of influence in the development of myopia. No 
- statistically significant correlation was found between refractive status and 
parental myopia. In addition, although parental educational level were not high, 
there was 门0 correlation between this variable and children's「ef「active status. 
A large-scale study in primary school children would allow further examination 
of this issue, since primary school children spend more time in visual tasks than 
children in kindergarten. If causative factors for myopia can be identified, 
preventive measures and intervention therapies could possibly be devised. 
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， Many studies have examined the development of myopia in relation to 
I genetic and environmental influences. Several family studies have indicated a 
I correlation between myopia in parents and offspring (Hirsch et al, 1969; Keller, 
I 1973; Johnson et al, 1979). Studies have also demonstrated that 
• 
i environmental factors play an important 「〇le in the development of myopia 
m 
！ (Anjel & Wissman, 1980; RichIer & Bear, 1980; Taylor, 1982). Factors 
1 associated with myopia in Hong Kong children are unknown and may be a 
i 
4 combination of influences. A most important developmental experience of 
= children in Hong K〇ng and other Asian countries is the intensive, demanding 
:躔 z 
； and competitive education system. To compete effectively, students have to ,；; 
-. I 
^ study at an early age and spend a great deai of time engaged in near work, ;： 
•. '丨' 
= which is a risk factor for development of myopia. The high academic stress in .)、 
it 




I Reports exist that show an increased prevalence of myopia in children 
'* I 
i with two myopic parents (Paul, 1938; Curtin, 1985). This suggests a genetic 
3 
I component in the etiology of myopia. However, further studies are necessary / 
to confirm this hypothesis. Donald et al., (1993) found that if either or both :' 
parents are myopic, this increases the probability of myopia in offspring : 
compared to knowing only refractive error at school entry or in infancy. This ,<• 
probability is highest if refraction at school entry is more myopic than +〇.5〇 D ‘ 
and both parents are myopic. While knowing that both parents are myopic also 
increases the likelihood of myopia given a myopic refraction in infancy, this is 
less predictive of myopia than refraction at school entry. Most studies to date 
have examined only the genetic contribution of familial myopes to childhood 
myopia, while the possible hereditary effects of 「elated hyperopes have not 
been studied in detail. Wold (1949) recorded a pedigree in which 10 non_ 
”!• 
,v myopic family members failed to alter a dominant inheritance pattern of myopia. 
I Further work in this area, however, has not been reported. No clinical studies 
1 - - 一 . . c a n — , — 丨 . _ 
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I of nature o「nurture to myopia. A family history of myopia is associated with the 
j likelihood of developing myopia. A greater prevalence of myopia exists among 
• the children of myopic parents than among the children 〇f nonmyopic parents 
•, (Gwiazda et al., 1993; Goldschmidt, 1968; Ashton，1985). Myopic parents with 
higher educational attainment may impel their children toward eariier and more 
rigorous scholastic activity than would non-myopic parents (Chew et al, 1988; 
Gawron, 1981). 
Experimental and epidemiological evidence has suggested that 
schooling, study, reading and other visual tasks are associated with excessive 
3xial elongation and myopia (>^ngel & Wissmann， 1978’ 1980; Cohn, 1886; '； 
• .]' 
Rosner & Belkin, 1987; Ware, 1813; Young, Leary, Baldwin, West, Box, Harris :: 
. '( 
& Johnson，1969; Zylbermann, Landau & Berson, 1993). However, evidence 
that near work directly causes myopia is impossible to obtain from purely 
observational studies. Percentage of myopia increases in school children who 
spend number of years in school and accepted by the researchers on the basis 
of experiment. This finding suggests the possibility of preventing myopia by 
avoiding or interrupting nearwork. Richler & Bear (1980) stated that refraction 
is correlated with nearwork between subjects aged 5 to 60 years. It has been v 
suggested that large amounts of nearwork in childhood may contribute to the 
|丨‘ 
development of myopia (Eong et aI, 1993). The data presented 丨门 author's ；, 
study find no correlation between refractive status and visual activities (i.e. / 
writing, reading andTVwatching). 
It must be noted, however, that the subjects in ou「study were selected 
from subjects who presented for examination. Thus, we may n〇t have seen 
some of the young hyperopes whose hyperopia rapidly decreased if they had 
no complaints and therefore no reason to seek examination. On the other* 
hand, in many cases, we may not have seen the myopes whose myopia does 
not change much. These kind of studies about refraction obtained from 
patients of ophthalmic practice have been criticized in the past because of the 
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from a random sample of the population were similar to those that Brown 
(1938) and SIataper (1950) in office patients. There was gradual increase 
towards myopia with increasing childhood age, with most of the change 
occurring between age six to ten years. 
Sorsby's assertion (197〇) that, if none of the grandparents nor the 
parents have myopia while the offspring have significant myopia, a genetic 
explanation is hardly tenable, is rather broad. It is true that such an occurrence 
excludes regular dominant inheritance, but it still leaves the possibilities of 
irregular dominance, recessive inheritance and polygenic inheritance. A regular 
• 
dominant transmission 〇f myopia cannot be ruled out, particularly since the 《 
. • 'i 
mode of inheritance of myopia is not well understood and appears to involve a ;： 
'( 
large number of genes (Francois，1961). 
School myopia or juvenile onset myopia, is the commonest form of 
myopia. K usually begins between the ages eight and fourteen years with 
prevalence rates of about 15% while in pre-school children a rate 2% has been 
recorded {Zadnik, 1994). The pathogenesis of myopia is still unknown in 
humans, while environmental myopia has been detected as causative in animal 
models, i^ccommodation and emmet「〇pization a「e two mechanisms for :'' 
clarifying blurred retinai images by rapidly adjusting the optical power of the 
lens or slowly adjusting the length of the eye during growth (Irving et al, 1992) <^  
respectively. Insufficient accommodation may predispose to myopia and z 
studies show that myopic children have less effective accommodation 
(Gwiazda et al, 1993). Because the accommodation_and emmetropization 
behave in a parallel manner, albeit with a different time course, with more 
effective accommodation the「etinal image will be more focused and the eye 
would need to elongate less in order to clear the image. 
Until we know which environmental factors are important in predisposing 
children to myopia, it is difficult to assess the genetic factors by simply studying 
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myopic parents would be more convincingly related to genetic influences if the 
differences resulted in a more myopic distribution function (Wallman J, 1994). 
Richler (1980) found that Aearwork had more influence 0门 refraction at 
ages 5 to 14 years than at ages 60 years and up. He concluded that large 
amounts of nearwork in childhood might contribute to the prevalence of myopia. 
Myopic progression was related to time spent on reading and close work 
(Parssinen & Lyyra, 1987). Levinsohn (1931) and Mohan et al. (1977) showed 
that the tone of extraocular muscles and hypostatic congestion in the eye 
caused by dependent head posture may lead to myopia in rabbit experiments. 
/ 
Even .illumination that is used during near work may be a additional factor for ,!: 
y • . 100 ‘ causing myopia. :¾ . '1' 
Myopia can be predicted from consideration of early refraction > 
determined by near 「etinoscopy, including both sphere and cylinder, and 
parent's refractive error. When children are identified at risk for myopia based 
on the above mentioned factors, then as ameliorative measures become better 
‘ I 
understood and they can be applied selectively to those children. Because of 
the limitations of human eye studies, much of ou「understanding of the process / 
involved in myopia development has and will continue to come from snimal v 
research. It is important to relate this research to humans. Further wo「k is 
ii ‘ 
required to develop a battery of tests which could predict the onset ofjuvenile ;_! 
myopia with both adequate sensitivity and specificity. Risk factors as predictors z 
must be evaluated in light of the probability of the condition in the population at 
risk (Hill, 1987). ‘ 
The growth pattern that keeps normal eyes emmetropic may be derailed 
丨门 the myopic eyes. This derailment becomes more likely as the eye enlarges. 
Therefore, the larger an eye initially, the greater the risk of myopia (Zadnik et 
al., 1994). The shift in refraction in children with myopic parents would be more 
convincingly related to myopia if the differences were at the myopic end of the 
distribution. Absent the frequency distribution, the shift in average refraction 
could be related equally well to the inheritance (genetic) of hyperopia. Thus 
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even if myopia had no genetic influences, the environmental factor might have 
been found (WalIman J, 1994). There is still much work to be done in the 
important area of myopia development. Various treatments to prevent the 
progression of myopia have not been proven effective (Gross DA, 1982). One 
of the reasons is that the process and mechanisms are still obscure.®^ Author's 
conclusion were based 〇n standard analytic technique. Recent research based 
on lower vertebrates has been designed to look exclusively at environmental 
causes of myopia but work in human has received little research attention since 
1978. Unfortunately, no clinical studies have been designed that can 
/ 
adequately distinguish the contributions of nature or nurture to myopia. Eyes ,1 V || 
growing at the same rate as normal eyes would become more myopic if they ,丨 
'i,' 
are initially longer. .^  
In Ghina, children have to study 8 hours daily in sc;hool. They also have 
to do home work for at least 1 or 2 hours after school. This situation provides a : 
heavy near point load that may relate to myopia development.®^ Myopia is the 
most common refractive e「「o「in Hong Kong Ghinese people. The prevalence of ' 
myopia among these children increases with increasing age and exceeds 50% 
by the age of 10 years.^^ Children in Hong Kong are「equired by law to start ,、, 
primary school at the age of 6 or 7 years. Pupils are required to recognize and 
write basic Chinese characters as well as English words. They also have to n 
undertake regular work at home. It is impossible to draw any conclusion on the / 
relation between the start of primary school and the progression of myopia; 
however, the sudcTen increase in the amount of nearwork in primary school, 
when compared with that in kindergarten, may be a contributory factor. So fo「 
future study in primary school children, may revealed the causative factors of 
myopia. 
The genetic and epidemiological background to lower degrees(iess than 
_6 D) of refractive error is not yet well characterized/^ Gross-sectional as well 
as longitudinal studies might be helpful to recognize the risk factors of myopia. 
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environmental variables might weil be helpful. Such studies must be stringent in 
the methods of selection of sample and if possible the control groups, and the 
definition of myopia, lt is also important that to include multifactorial analysis 
and the appropriate statistical standardization of a number of known 
confounding factors. Appropriate evaluation of the nearwo「k-「ef「3cti〇n 
relationship, and its effects on familial resemblance, will require population-
based longitudinal data, lt is reasonable to suspect that the extent to which 
effects of common familial environment are confounded with genetically 
determined variation in ocular refraction, differs from population t〇 population.80 
/ 
Refraction status was determined by polygenic inheritance and considered ' 
'i'" 
myopia to be genetically determined (Steiger, 1913; Sorsby, 1966,1972). The :丨 
'i' 
infiuences of the environmental factors to the etiology of myopia was reported > 
in the epidemiological and genetic surveys in Alaskan and Canadian Eskimos 
by Young et al (1969), Morgan & Munro (1973) and Alsbirk & Forsius (1973) 
discovered a low con-credence in the refraction status between the two 
85 ‘ 
generations. Myopia is not determined by genetic theory alone. Goidschmidt 
(1981) described that majority of low myopia are caused by increased axial 
length of the eye ball. He reviewed the two theories: a) the accommodation :, 
theory 3nd b) the convergence theory. The modernization and formal education 
had increased the incidence of myopia in Eskimos and Amerind population, ';! 
thus indicating the contribution of environmental factors. In the India where the , 
awareness and introduction of education at an early stage, has become a way 
of life and it'was seen that the mo「e younger group of people are wearing 
glasses.86 
Both the heredity and environmental fact〇「s were found significantly 
associated with children's myopia. It seems that both parental and 
environment play an important role in the development of the refractive error. 
Parental history and other environmental factors to be make clear for better 
understanding of the effect of gene-environment interaction on myopia. In 
addition to hereditary factors, myopia could be the 「eason for greater axial 
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length, but author thinks that the studies of myopia should be included in part to 
determine the mechanical forces affecting the eye and sclera during close 
• 96 
work, specially when writing and reading. 
Due to high density of population in a relatively confined space and the 
more 「apid progression of myopia in the Asian, H〇ng f<ong may be a good 
place to facilitate the studies. Since myopia with higher educated people have a 
tendency to start their children's education early therefore, it is also important to 
select the community of highly educated p3rents and family and the higher 
income level {M Mohan et al. 1988). For success of long term study it is 
important to perform aii the tests in regular school hours at school grounds. '' 
y 
Scientific data are desperately lacking about the prevalence of myopia in Hong ;) 
ii 
Kong primary school children. Well-designed prospective and epidemiological '^  
studies in which several dimensions of school and home environment are 
comprehensively examined and provide more importance to the factors like 
extent of visual task, illumination, head posture, sex, education level, climate, 
culture, diet, ethnicity and genetics. The jongitudinal type of study can confirm : 
I the hypothesis of normal eye growth in this situation. It is hopeful that this type 
of study will provide a epidemiological data with which community eye care ‘,, 
programs for myopia can be planned and once determined, it can be a basis 
for information for a prospective study and preventive & therapeutic trials can )j 
be directed. Child's vision should be screened at least once between the ages / 
of three and five, it should take place as early as possible, but definitely before 
the child enters school.^^ A long-term follow-up study of school children seems 
to be an interesting and rewarding one. 
At the present time, it is clear that both environment and hereditary play 
a role in the etiology of myopia. The eye that is myopic may be normal-sized 
and grow faster during the onset or progression of myopia. The premyopic eye 
may or may not undergo normal growth patterns. Just how they do this and 
their relative importance still remain to be elucidated, but the foundations for 
understanding the etiology of myopia, particularly with the relatively recent 
56 
discovery of good animal models, are in place. As with many other things, the 
etiology of refractive e「r〇「will probably be found to be multifactorial, with an 
interplay of a number of environmental factors on a genetic background. 
Genetic analysis does not permit assessing the importance of unknown 
environmental factors (Kamin, 1974), so that understanding myopia is likely to 
be a complicated task. Future directions of research must seek to clarify the 
relative contributions of numerous factors, such as stress, educational 
attainment, and nearwork, all of these occurring against a background of 
genetic influences. Such studies must be stringent in the same methods of 
selection of sample and same definition of myopia for comparing with other ,) 
studies and there are still much work to be done in the important area of '' 
7" 
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T a b l e 1(a) . DISTRIBUTION OF REFRACTION(r ight eye) 
SPEQ(D) Frequency Percent(%) 
< -0.50 To ^ 
-0.50 to +0.50 68 28.7 





Tab le 1(b) . D I S T R I B U T I O N OF R E F R A C T I O N ( l e f t eye) ；' 
'i,, 
SPEQ(D) Frequency Percent(%) 
< -0.50 16 6.8 
-0.50 to +0.50 74 31.2 . 
> +0.50 147 62.0 
•• • - _•• -• " • ‘ ‘ “ 
, [ 
«' 
Tab le 2. PERFORMANCE OF V I S U A L A C U I T Y ( P H ) , 
V i s i on Frequency Percent(%) Girls Boy_s 
1.00(20/20) 2 ^ 87.34 T51 T ^ 
0.67(20/30) 30 12.66 9 21 
67 . 
• - • 
； T a b l e 3. AGE DISTRIBUTION 
:丨 Age(mon th ) Frequency Percent(%) 
•；! • 
:丨 
1 T e ^ 42 17.72 
•;j 
I 4 8 - 5 9 7 6 3 2 . 0 7 
！ .)j 
J 6 0 - 7 1 7 8 3 2 . 9 1 
)丨丨 
1 
i 7 2 - 8 3 4 1 1 7 . 3 0 
.1 





I 'i 1 ',, 
Tab le 4. A X I A L L E N G T H D I S T R I B U T I O N 
.j 'if 
A L ( m m ) Frequency Percent(%) 
^ “ i oM 
： 2 0 - 2 0 . 9 9 2 5 1 0 . 5 5 , 
2 1 - 2 1 . 9 9 9 9 4 1 . 7 7 
2 2 - 2 2 . 9 9 9 0 3 7 . 9 8 
> 2 3 2 2 9 . 2 8 丨 
M' 
“ 丨,. 
Tab le 5. D I S T R I B U T I O N OF VITREOUS BODY L E N G T H 
V L ( m m ) Frequency Percent(%) 
I -
‘ 13-13.99 T6 ^ 
1 
； 1 4 - 1 4 . 9 9 1 0 3 4 3 . 4 6 
1 5 - 1 5 . 9 9 1 0 6 4 4 . 7 3 




•:•i •. i ..i 
！ i 





Tab le 6. D I S T R I B U T I O N OF I N T R A O C U L A R PRESSURE 
IOP(mm Hg) Frequency Percent(%) 
7To U ~ 4 ^ 
10-21 224 94.51 
>21 2 0.84 
i f 
. - 1 
广 ；) 
T a b l e 7 . DIFFERENCE IN REFRACTIVE ERROR BETWEEN SEXES USING ::' 
i 
S E P A R A T E - V A R I A N C E T E S T ( e x p r e s s e d i n D ) . 
Sex No .o f Mean Sphere Mean Cyl inder Mean Spherical : 
Subj (SD) (SD) Equiv.(SD) 
Gir ls 114 1.22(0.81) -0.64(0.48) 0 . 9 4 ( 0 . 7 7 ) ~ 
Boys 123 1.10(0.90) -0.64(0.48) 0.77(0.90) 
,.•[ 
M. 
Tab le 8. C H I L D R E N GROUPED ON THE BASIS OF SEX A N D REFRACTIVE ERROR “ 
Refract ive Error Boys(%) Gi r ls (%) Total Percent(%) 
Myop ic 一 W ^ ) 2(0.84) Fo 4：^ 
‘ . E m m e t r o p i c 38(16.0) 30(12.7) 68 28.69 
Hyperopic 77(32.5) 82(34.6) 159 67.09 
69 
T a b l e 9. SPHERICAL EQUIVALENT WITH AGE DISTRIBUTION 
Group(mth) ^ ~ ~ M e a n ( D ) ^ ^ 1 95% C I ~ " 
36-47 42 0 ~ ^ ^ 0 ~ n 0.58-1.09 
48-59 76 0.96 1.00 0.12 0.73-1.19 
60-71 78 0.81 0.81 0.09 0.63-0.99 
72-83 41 0.78 0.62 0.10 0.58-0.97 





Tab le 10. A X I A L L E N G T H W I T H AGE D I S T R I B U T I O N 
.i, 
Group(mth) No Mean(mm) ^ ^ 1 95% CI 
36-47 42 21.63 o T s ^ 2 21.38-21.87~~" 
48-59 76 21.92 • 0.70 0.08 21.76-22.08 i 
60-71 78 22.13 0.84 0.09 21.94-22.3 1 
72-83 41 22.1 1 0.74 0.1 1 21.88-22.34 
T O T A L T^^~~~21.97 0~T9 O s 21.87-22.07""" 丨 
M 
_',.. 
Tab le 11. V ITREOUS L E N G T H W I T H AGE D I S T R I B U T I O N 
Group(mth) No~~~"Mean(mm)~~^5 ^ 1 95% C I ~ ~ 
36-47 42 14.75 0~54 ^ 8 14.58-14.92 
48-59 76 14.9.3 0.63 0.07 14.79-15.08 
60-71 78 15.10 0.76 0.08 14.93-15.27 
72-83 41 15.12 0.60 0.09 14.93-15.3 1 
T O T A L ^ ~ 1 4 . 9 9 o T ^ O M 14.90-15.08 
70 
Tab le 12. D I S T R I B U T I O N OF S C H O O L W R I T I N G (d i s t ance ) 
D i s t a n c e ( c m ) F r e q u e n c y P e r c e n t ( % ) 
T H ^ 12.24 
16-20 74 31.22 
21-25 77 32.49 
26-30 32 13.50 
>30 25 10.55 
/ 
： “ :;f 
3 
Tab le 13. D I S T R I B U T I O N OF SCHOOL R E A D I N G (distance) 1 
. i-
Distance(cm) Frequency Percent(%) 
I 
^ B “ i ^ 
. 1 6 - 2 0 33 13.92 : 
21-25 1 18 49.79 
26-30 58 24.48 
>30 27 1 1.39 
. -.|f 
M' 
^ ^ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ « « « _ _ ^ _ « ^ _ » ^ ^ _ > _ _ _ _ « « _ _ _ « _ « _ _ ^ ^ ~ ^ « « — _ ^ ~ ^ " " « " " " ^ ^ ~ ^ ~ « ~ ~ ~ " " " " ^ " " ~ " ~ 
i'' 
Tab le 14. D I S T R I B U T I O N OF SCHOOL T V WATCHING(dis tance) 
Distance(cm) Frequency Percent(%) 
150-200 “ ^ 15.61 
201-250 39 16.46 
251-300 92 38.82 
301-350 42 17.72 
>350 '_J2. 11-39 
71 
T a b l e 15. D I S T R I B U T I O N OF S C H O O L W R I T I N G ( t ime) 
T i m e ( m i n u t e ) F r e q u e n c y P e r c e n t ( % ) 
Teo ~ ^ 8 0 
61-120 144 60.76 
121-180 82 34.60 
>180 2 0.84 
,H' 
Tab le 16. D I S T R I B U T I O N OF SCHOOL R E A D I N G (t ime) t 
？' 
^^^^^^__^______^^^^__^^__^^_^ 'I 
•• — • ‘ • - ' • ‘ ” ‘ " “ ‘ ‘ ‘ ‘ 
Time(minu te ) Frequency Percent(%) 
i" 
^ “ m 73.42 
.•V 
>60 63 26.58 •‘ 
'1. 
‘ • I 
Tab le 17. D I S T R I B U T I O N OF SCHOOL T V W A T C H I N G ( t i m e ) 
T ime(minute) Frequency Percent(%) j 
； ^ ^ ^ _ _ _ _ _ ••'' 
J ^ m 83.54 
_ >30 39 16.46 
I — — 





T a b l e 18. D I S T R I B U T I O N OF H O M E W R I T I N G ( d i s t a n c e ) 
D i s t a n c e ( c m ) F r e q u e n c y P e r c e n t ( % ) 
T l 6 n TJ^ 
1 6 - 2 0 7 0 2 9 . 5 4 
2 1 - 2 5 6 6 2 7 . 8 5 
2 6 - 3 0 3 8 1 6 . 0 3 




T a b l e 19. D I S T R I B U T I O N OF H O M E R E A D I N G (distance) 
i, 
D is tance(cm) Frequency Percent(%) ： 
TYe “ 8 T J l 
1 6 - 2 0 4 9 2 0 . 6 7 ‘ 
2 1 - 2 5 6 3 2 6 . 5 8 
2 6 - 3 0 62 26 .16 
> 3 0 5 5 2 3 . 2 1 丨 
M 
^ ^ ^ _ _ ^ _ _ ^ _ _ ^ _ ^ _ _ _ _ _ _ _ _ _ > _ _ _ _ _ _ _ _ — _ _ _ _ » ^ ^ « « « — ~ » ~ ~ > » ~ « ~ > ~ ~ > — _ _ _ « ™ - _ _ _ _ _ _ ^ _ _ _ ^ ^ ~ « - ~ > » ~ « « « ^ ~ ~ « ~ ~ ~ " ^ ^ « ~ ~ " ^ ^ " " ^ " ••''' 
T a b l e 20. D I S T R I B U T I O N OF H O M E T V W A T C H I N G (distance) 
Dis tance(cm) Frequency Percent(%) 
. . T T S O ‘ ^ 55.70 
1 5 1 - 2 0 0 5 6 2 3 . 6 3 
2 0 1 - 3 0 0 9 4 3 9 . 6 6 
> 3 0 0 1 3 5 . 4 8 
" " " " ^ " ' 
\ 73 
) . 
T a b l e 2 1 . D I S T R I B U T I O N OF H O M E W R I T I N G ( t i m e ) 
T i m e ( m i n u t e ) F r e q u e n c y P e r c e n t ( % ) 
J n o Te 15.19 
121-240 98 41.35 
241-360 52 21.94 
3 6 1 - 4 8 0 28 1 1.81 
481-600 6 2.53 
- / 
601-720 9 3.80 ;f 
;i 
7 2 1 - 8 4 0 5 2 .11 
• '^ 
841-960 2 0.84 
>960 1 0.42 
I 
T a b l e 22. D I S T R I B U T I O N OF H O M E R E A D I N G ( t ime) 
T ime(m inu te ) Frequency Percent(%) 
0 “ 2 ^ ^ 丨 
H' 
10-120 113 47.70 ‘ 
121-240 62 26.16 
241-360 22 9.28 
3 6 1 - 4 8 0 9 3 .80 
481-600 3 1.26 
‘ 6 0 1 - 7 2 0 2 0.84 
> 7 2 0 4 1.68 
.:丨 7 4 • . 
.,i ‘ 
T a b l e 2 3 . D I S T R I B U T I O N OF H O M E T V W A T C H I N G ( t i m e ) 
T i m e ( m i n u t e ) F r e q u e n c y P e r c e n t ( % ) 
0 7 2 J l • ~~~ 
3 0 - 3 6 0 46 19 .41 
3 6 1 - 7 2 0 57 24 .05 
7 2 1 - 1 0 8 0 70 29 .53 
1 0 8 1 - 1 4 4 0 28 11 .81 
/丨;i 
1 4 4 1 - 1 8 0 0 13 5 .48 f 
； 
1 8 0 1 - 2 1 6 0 11 4 . 6 4 : 
ir 
2 1 6 1 - 2 5 2 0 3 1.26 
2 5 2 1 - 3 0 2 0 2 0 .84 
• • I 1 
Tab le 24. D I S T R I B U T I O N OF SCHOOL DIOPTER-HOUR 
D H (h r /wk ) Frequency Percent(%) _ 
'i 
I u ：：：! 
J I 125 52 .74 , 'I 
,«'‘ 1 
>8 112 4 7 . 2 6 I‘‘ 
Tab le 25. D I S T R I B U T I O N OF HOME DIOPTER-HOUR 
D H ( h r / w k ) Frequency Percent(%) 
^ “ ^ 1 3 4 . 1 7 
2 5 - 4 7 112 47 .26 
4 8 - 7 1 30 12.66 
> 7 2 ‘ 14 5 .91 
. 75 
i • 
Table 26. DISTRIBUTION OF SCHOOL & HOME DIOPTER-HOUR 
D H ( h r / w k ) Frequency Percent(%) 
J ^ n 13.08 
25-47 125 52.74 
48-71 60 25.32 
> 7 2 21 8.86 
1 
Tab le 27. D I S T R I B U T I O N OF P A R E N T A L M Y O P I A A N D SPEQ OF C H I L D R E N :fj!j 
: j 
Group 0=neither, l=ei ther and 2=both are myopic :丨 
i.‘‘ ii' 
— ‘丨丨： 
Group No Mean(D) SD SE 95% CI : || 
I, Ii 
0 120 0.93 0.90 0.08 0.76-1.09 :: 
. , i : : 
1 78 0.77 0.74 0.08 0.60-0.94 . i： 
•,' 
2 39 0.82 0.86 0.14 0.54-1.10 
T O T A L ^ ~ ~ 0 ^ 6 0 ~ ^ 0"05 0.75-0.97 ) 
‘ 1 , 1 :j i ,f ’ ；|丨 
1 
,’|,丨1 
Tab le 28. D I S T R I B U T I O N OF M O T H E R ' S E D U C A T I O N A N D SPEQ OF C H I L D R E N 
Grade No Mean(D)~~~~SD SE 95% CI 
1 ^ 0~87 d~73 0"07 0.72-1.01~~~ 
2 136 0.84 0.92 0.08 0.68-1.00 
5 2 1.62 0.18 0.12 0.04-3.21 
T O T A L l 3 7 07S6 0 ^ 0 ^ 0.75-0.97~" 




: • • 
T a b l e 29. D I S T R I B U T I O N OF F A T H E R ' S E D U C A T I O N A N D SPEQ OF C H I L D R E N 
C 7 ^ No Mean(D) ^ 5 s l 95% CI 
1 7 l 0T4 0~7S O 9 0.76-1.12~~ 
2 154 0.82 0.87 0.07 0.68-0.96 
3 3 1.00 0.25 0.14 0.38-1.62 
4 * 1 1 . 2 5 
5 4 0.62 1.3 1 0.66 -1.46-2.72 
/ ' 
T O T A L ^ 0TS6 0 ^ O s 0.75-0.97 f 
；丨, 
* This age group was too small 
Tab le 30. D I S T R I B U T I O N OF P A R E N T A L M Y O P I A A N D A X I A L L E N G T H OF 
C H I L D R E N 
Group 0=neither, l=ei ther and 2=both are myopic 
Group ^ Mean(D) ^ 5 ^ 1 95% CI 
j , 
( • 
0 iY5 2 l " ^ O 0 0 T ^ 21.84-22.13 ‘’ 
1 78 22.01 0.80 0.09 21.83-22.19 
2 39 21.86 0.70 0.1 1 21.64-22.09 
. T O T A L 237 2T97 0 ^ ^ 21.87-22.07 
i ‘ . 77 
I ‘ d . 
T a b l e 31. D I S T R I B U T I O N OF P A R E N T A L M Y O P I A A N D V I T R E O U S L E N G T H O F 
C H I L D R E N 
Group 0=neither, l=e i ther and 2=both are myopic 
Group ^ Mean(D) ^ s l 95% CI 
0 r ^ H ? ^ 0~7l O M 14.86-15.11 
1 78 15.03 0.67 0.08 14.88-15.19 
2 39 14.92 0.51 0.08 14.75-15.08 
,, 
T O T A L 237 14.99 0.67 0.04 14.90-15.08 广 
；丨; 
Tab le 32. E S T I M A T E S OF ODDS R A T I O OF M Y O P I A A M O N G C H I L D R E N A C C O R D I N G TO ‘ 
M Y O P I A IN T H E I R P A R E N T S . OR = ODDS R A T I O , 9 5 % CI = 9 5 % C O N F I D E N C E I N T E R V A L 
Factor Girls (OR) 95% C I ~ ~ B o y s ( O R ) ~ ~ 9 5 % CI 
_^ _^^ _^ ^^ _______ •丨 
Mother ^ 0.12-33.32 ^ 0.20〜3.95 






T a b l e 33. RELATIVE PREVALENCE OF MYOPIA FOR GIRLS AND BOYS 
ACCORDING TO AGE 
Age(yr.) Sex Percent myopic(%) Sex Percent myopic(%) Ratio Total(M/F) 
3 M 2(20.0) F 1(10.0) ~ 1 24 /18~~ 
4 M 2(20.0) F 1(10.0) 2:1 41/33 
5 M 4(40.0) F* 0 43/36 
6* M 0 F 0 15/27 
— -'"? 
* This age group was non myopic J 
‘'Mi 
I; I I 
t;' ,:r 
T a b l e 34. A G E D I S T R I B U T I O N W I T H I N T H E M Y O P I C A N D N O N - M Y O P I C G R O U P S 丨  
‘ il 
Age(y r ) Myop ic Group Non-myop ic Group { 
i 
(N) (N) !： 
• • ij 
3 3 ^ ；  
4 3 71 
I .,i t I M 
5 4 75 1 
I,‘ 
i V 
6* 42 ..,) 
^ This group has no myopia 
Tab le 35. PRESENCE OF M Y O P I A A M O N G PARENTS OF M Y O P I C C H I L D R E N 
‘ Parent (%) Boys Gir ls Tota l 
N(%) N(%) N(o/o) 
Both Parents M y o p i c ( 1 6 . 4 6 ) 1(10.0) 1(10.0) 2(20.0) 
One Parent M y o p i c ( 3 2 . 9 1 ) 3(30.0) * 3(30.0) 
Nei ther Parent Myop ic (50 .63) 4(40.0) 1(10.0) 5(50.0) 
* This group has no myopia 
. 79 
1 • 
T a b l e 36. S U M M A R Y OF M E A N , R A N G E & SD 
F A C T O R S M E A N R A N G E SD 
A g e ( m o n t h ) 59.34 36-83 10 .64 " " " 
Spher ical Equiva lent (D) 0.86 - 1 . 5 ~ + 5 0.84 
A x i a l length(mm) 21.97 19.67-23.99 0.79 
V i t reous length(mm) 14.99 13.44-17.99 0.67 
IOP(mm Hg) 14.54 6-21.7 2.30 
W r i t i n g t ime(min /wk) 389.89 60-1385 189.69 
Reading t ime(min /wk) 203.60 20-1 165 164.60 
T V t ime(m in /wk ) 831.06 10-3060 536.18 
S-wr i t -d is tance(cm) 2 2 . 8 9 1 0 - 4 0 7 , 6 1 
S-read-distance(cm) 25.13 15-58 5.43 
H-read-distance(cm) 27.1 1 10-53 7.46 
H-wr i t -d is tance(cm) 25.00 10-50 7.89 "'tf 
S-TV-d is tance(cm) 276.91 175-380 58.29 f1| 
H-TV-d is tance(cm) 198.61 30-459 71.34 丨‘丨 
Diopter -hours(hr /wk) 30.37 7-100 1 ” 2 | 
• ’ i f 
：丨 
1； 
Tab le 37. SUMMARY OF CORRELATION COEFFICIENT(r) & P VALUE j： 
RELATIONS ‘ r P ；‘ 
Age & axial l e n g t h ~ ~ — 0.2347 <0-001 !• 
Age & vitreous length 0.2245 <0.001 , 
SPEQ & axial length -0.4396 <0.001 丨 
SPEQ & vitreous length -0.3942 <0.001 
Parent & axial length 0.63 
Parent & vitreous length 0.67 ；  
P a r e n t & S P E Q 0.42 ‘ | 
Mother ' s education & SPEQ 0.43 ！ ：！ 
Father ' s education & SPEQ 0.79 ,1 
Diopter-hours & SPEQ -0.0166 0.80 
Diopter-hours & axial length 0.0729 >0.05 
Diopter-hours & vitreous length 0.0721 >0.05 
Visual task & SPEQ >Q.05 
80 
t 
T a b l e 38. C O M P A R I S O N B E T W E E N PARENTS A N D C H I L D R E N 
Parent (%) SPEQ X I V L 
Bo th Parents Myop ic (16.46) -1.25~4.25~~20.10-23.48 13.97-16.16 
One Parent Myop ic (32 .91) -1.5~3.00 19.67-23.89 13.44-17.32 
Nei ther Parent Myop ic (50.63) -1.25~5.00 20.20-23.99 13.47-17.99 
. i 
i 
Tab le 39. D I S T R I B U T I O N OF F A T H E R ' S E D U C A T I O N A N D SPEQ(D) OF 
C H I L D R E N 
Grade No SPEQ(mean) M I N I M U M ~~ 
M A X I M U M 
1 75 0 ^ - 1 . 0 0 + 3 . 0 0 ~ ~ 
2 154 0.82 -1 .5 +5 .00 
3 3 1.00 +0 .75 +1 .25 ‘ 
4* 1 1.25 +1 .25 +1 .25 
5 4 0.62 -0.75 +1.75 “ 
T O T A L W l ^ ^ + 5 . 0 0 ~ ~ 
* This age group was too small 
81 
i ‘ • 
T a b l e 40. D I S T R I B U T I O N OF M O T H E R ' S E D U C A T I O N A N D SPEQ(D) OF 
C H I L D R E N 
Grade No SPEQ(mean) M l N l M U M M A X l M U M 
1 ^ 0 ~ ^ -1.25 +3.00 
2 136 0.84 -1.5 +5.00 
5 2 1.62 -1.25 +3.00 
T O T A L r ^ o J e n~5 +5.00 
* 3 & 4 grade were absent 
T a b l e 41. A G E D I S T R I B U T I O N OF SPEQ A N D O P T I C A L COMPONENTS(mean i n 
m m ) A N D IOP(mean) 
Age(y r ) SPEQ(D) M^ ^ IOP(mmHg) 
3 -1 .25-3 2 T ^ 14.75 13.87 
4 -1 .5-5 21.92 14.94 14.52 
5 -1.25〜4 22.13 15.10 14.60 
6 -0.25~2.75 22.1 1 15.12 15.12 
T a b l e 42. RELATION (grouping)BETWEEN DIOPTER-HOURAND 
1^ 
‘ i _ 
AL(mm) & VL(mm) 
i., . D H ( h r / w k ) AL(mean) VL(mean) 
丨 J ^ “ “ 21.81 “ 14.86 
it: ?.; 
25-47 22.07 15.10 
I 48-71 22.11 15.18 
J >72 21.81 14.70 
I — •^^ •^ ^ 
i • . . “ . . 
T a b l e 43. RELATION WITH AGE DISTRIBUTION & DIOPTER-
HOURS (grouping) 
Group(mth) No Mean(hr) R A N G E 
T 6 ^ 42 27.63 7 ^ 
48-59 76 24.18 9-64 
60-71 78 36.41 12-100 
72-83 41 32.61 13-100 
I 
T O T A L • ^ 30.37 7-100 ‘ 
T a b l e 44. D I S T R I B U T I O N OF SCHOOL W R I T I N G (distance) & 
A X I A L L E N G T H (grouping in mean) 
Distance(cm) A L ( m m ) RANGE 
T J i “ 2 L i 6 20.26-23.05"" " 
16-30 21.93 19.67-23.89 
>30 22.36 21.46-23.99 
T a b l e 45. D I S T R I B U T I O N OF SCHOOL T V WATCHING(d is tance) & 
A X I A L L E N G T H (grouping in mean) 
, Distance(cm) A L (mm) RANGE 
l i ^ ~2T~^ 2 0 . 2 0 - 2 3 . 0 9 " " 
181-359 22.03 19.67-23.99 
>360 22.04 23.01-21.79 
83 
i 
.1 .) j - . • 
I 
T a b l e 4 6 . D I S T R I B U T I O N OF S C H O O L T V W A T C H I N G ( d i s t a n c e ) & 
； V I T R E O U S L E N G T H (group ing in mean) 
！ D is tance(cm) V L (mm) R A N G E 
^ T ^ “~~~14.70 13.47-16.28~~~ 
I 181-359 15.05 13.44-17.99 
‘ >360 14.97 14.00-15.85 
^ 
•5 I 
I Tab le 47. ADJUSTED MEANS OF OCULAR COMPONENTS BY PARENTAL ‘ 
fflSTORY(Controlling for age in month and Diopter-hours) 
i ParentMyopicO^)~~~SPEQOD)"""CC(D) ACD(mm)~~~LT(mm) AL(mm)~~VL(mm)~~~LP(D) AL+ 
J NeitherO^=120) 0.927 44.27 ^ 8 3：11 TL98 K99 ^"“^KA~ 
EitherO^=78) 0.772 44.01 3.20 3.77 21.99 15.02 23.40 N.A. 
BothO^=39) 0.818 44.20 3.15 3.77 21.88 14.93 23.49 N.A. 
WiUcs Lambda 0.961* (for all model) 
P-value for 
Parentffistory 0.435 0.494 0.827 0.712 0.723 0.782 0.314 N.A. 
Ageinmonth 0.589 0.828 0.365 0.564 0.001* 0.001* 0.005* 0.001* 
Diopter-Hours 0.968 0.223 0.435 0.480 0.736 0.735 0.345 0.736 
Remarks： * - Axial length, vitreous length, and lens power increase with age. 
+ - Model for axial length without parent myopia. 
#- ]jn these model no R^ were available, so WiDcs Lambda has been used to summarize. 
84 
/ 
Table 48. ADJUSTED MEANS OF OCULAR COMPONENTS BY PARENTAL 
fflSTORY(Controlling for Diopter-hours only) 
Parent Myop ic^~~SPEQ(D) CC(D) ACD(mm)~~LT(mm) AL(mm)~~VL(mm)~~LP(D)~~AL" 
NeitherO^=120) o M > 4 4 ^ 3AS J T l T L ^ H ^ 2 l ^ N.A. 
EitherO^=78) 0.770 44.01 3.20 3.78 22.00 15.03 23.37 N.A. 
BothCM=39) 0.820 44.17 3.15 3.77 21.86 14.92 23.52 N.A. 
WiUcs Lambda 0.959^ (for all model) 
P-value for 
Parentffistory 0.431 0.490 0.803 0.708 0.639 0.699 0.312 N.A. "：' 
• < 
Diopter-Hours 0.870 0.229 0.551 0.393 0.270 0.285 0.115 0.270 
Remarks ： + - Model for axial length without parent myopia. 
#- ][n these model no R^ were available, so WiUcs Lambda has been used to summarize. 
T a b l e 49. D I S T R I B U T I O N OF IOP(mm Hg) & A X I A L L E N G T H (g roup ing in mean) 
Yw~~~• • A L (mm) ^ R A N G E 
TYo 22 .00 0 ^ 2 1 . 1 3 - 2 3 . 0 5 ~ ~ 
10-21 21 .97 0 .80 19 .67 -23 .99 
> 2 0 22 .14 0 .35 2 1 . 9 0 - 2 2 . 3 9 
T a b l e 50. D I S T R I B U T I O N OF IOP(mm Hg) & VITREOUS L E N G T H 
(grouping in mean) 
YoP ‘ V L (mm) ^ 5 RANGE 
• ^ f 5 " 0 0 ~~0~58 1 4 . 0 6 - 1 6 . 3 2 ~ ~ 
10-21 14.99 0 .67 13 .44-17 .99 
>20 14.91 0 .24 14 .74-15 .08 
85 
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姓名: .( )編號: 
' { ^ f ] :男/女年齡: 出生日期： 年 月 日出性紙號瑪： 






母親姓名:_ ( )年齡: 出生曰期： 年 月 日 i 
I 
敎育程度：小學畢業或以下 中學畢業 預科畢業 .丨 




父親姓名:_ ( )年齡: 出生曰期： 年 月 曰 
• I 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































姓名 ： ( ) 
fl^ ^ • 
書寫 ： 距離： 厘米 
圖畫及拱湖遊戲等： 距離： 厘米 
閱讀 ： 距離： !!米 
電視 ： 尺寸： 厘米 距難： 厘米 
電腦 ： 尺寸： 厘米 距離： 厘米 
8• 5• 1 9 9 5 (星期一） 
上平 下 + 
九時 十時 i~—拜 ―― 二斉 三拜 
盒窝 "z izzzzxzzLZznz i 一 
曰 7^¾ I I I I —- • 
閱讀 
. 圖 晝 及 翻 遊 簾 
電視 J ~ ~ 
電腦 _ _ _ _ _ _ 
撮要(確實周限持間的總和）： 
書寫： ^ 分鐘 
閱 讀 ： 分鐘 
圖畫及—:違1^^ : 分鐘 
- 電視： 分鐘 
• : 分鐘 
其它： 
‘ 107 
9 • 5• 1 9 9 5 ( 星期二） 
上=^ 下午 
九特 十詩 i•一诗 |—^ 二, E^ 
書寫 丨 [ I = j = 
閱讀 _ _ » _ _ _ L 
圖 畫 及 拼 翩 遊 戲 等 _ _ _ _ _ _ _ _ 
電視 
電腦 _ _ _ _ _ _ _ _ I 
撮要(確實兩眼時間的總和）： 
書寫： 分鐘 
閱讀 ： j^M 




10 • 5 • 1 9 9 5 (星期三） 
上宁 了午 
九時 十诗 十一時 -m 二诗 三拜 
mm — ~ 一 、 
曰 - ^ 
閱讀 
圖 畫 及 拼 腿 鮮 
電視 








I ‘ 108 
11 • 5 • 1 9 9 5 (星期四） 
上午 下午 
九時 十時 H“-异 —拜 [二拜 三有 












12 • 5 • 1 9 9 5 (星期5) 
上午 下午 





飄 _ _ _ • J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L _ L _ J _ _ 
撮要(確實兩眼時間的總和）： 
書寫： 分鐘 
閱讀 ： 分鐘 











—Data Sheet (Chi ldren) : Name: Serial No: 
Before Pupi I Di la t ion: 
V A : (OD) PH Pupi ls: N A D : APD: 
(OS) PH Others: 
Eye Examinations： # bcforc and after pupil dilatation 







* A u t o - K : (OD) 
(OS) 
*Au to -R : (OD) 
(OS) 
* N C T : (OD) mmHg Mean mmHg 
(OS) mmHg Mean -mmHg 
“ . . - . • • . -. • • -
. - • ‘ . . ‘ _ ‘ - . ‘ ‘ • “ 
• . . - . : . - _ - • • -
i A f te r Pupi l Di lat ion: 
• • •• • ... ‘ 
* A u t o - K : ( O D ) _ 
(OS) ^ . . 
*Au to -R: (OD) -
(OS) 
* N C T : (〇D) mmHg Mean mmHg 
• . . - • • 
(〇S) ^ mmHg Mean mmHg 
*Ax la l (OD) 醒 Mean mm 
、 Length: 
‘ (〇S) mm Mean mm 
*Thxee (3) readings are enough i f they are consistent 
； l U 
^ 
- • . 
Data Sheet (Adu l t ) : Name: SeriaINo: 
Before Pup i l D i la t ion : 
V A : (OD) PH Pupi ls : N A D : APD: 
(OS) PH Others: 
EyeExaminatioaS:(bcforcandaftcrpupildihQtkm) 
N A D : 
Squint: 
Amblyopia: 
Al lergic Conj.: 
Cataract: 
Glaucoma: 
A R M : D M R : HTR: Others: 
- A u t o - K : (OD) 
(OS) 
- A u t o - R : (OD) ： ： 
(OS) 
^ N C T : (OD) nrniHg Mean m m H g 
(OS) mmHg Mean m m H g 
i 
Af ter Pup i l D i la t ion: 
* A u t o - K : (OD) — 一 
(OS) = 
*Au to -R : (OD) 
‘ (OS) 
* N C T : (〇D) mmHg Mean mmHg 
(〇S) mmHg Mean m m H g 
I • . 
I *A:da l (OD) ™ n Mean m m 
Length: 
(〇S) ： nun Mean m m 
*Three (3) readings are enough i f they are consistent 
丨 ：_： ^ _ — :m. 
APPENDK rV 
Eye Care For Pre-school Children 
Name: ( ) Serial No: 
Sex / Age ODOB): ( ) ID No: 
Major ilLness: Operation: 
Others: 
Ocular history: Operation: 
Others: 
Parents: 
Mother: Name ( )Age QDOB): 
Education Level: Up to primary school graduate 
Secondary school graduate 
Matriculation 
College 
University graduate or above 
Do you have myopia: 
Age start wearing myopia glasses: 
Family history ofh igh myopia (6 D or more): 
I 
Father: Name ( )Age (DOB): 
Education Level: Up to primary school graduate 
Secondary school graduate 
Matriculation 
College graduate 
University graduate or above 
Do you have myopia: 
Age start wearing myopia glasses: 
Family history ofh igh myopia (6 D or more): 
.i 
Addressj 


























































































































































































































































































































































































































































































































































































































































I (name) hereby consent on my son/daughter 
's (name of the child) behalf to undergo the “ Pre-schoolers Eye 
Screening and Causes of Myopia Study". 
This wi l l involve a series of questionnaires, and examination of his>^er eyes which are 
routinely done in many eye clinics. The tests are in no way harmful to his/her eyes. Eyedrops 
wi l l be used to ensure accurate results during the examination. They are proved to be safe to 
use in young children without any drastic side-effect. The purpose, benefits, potential risks 
and complications of the study have been explained to me by Dr 
/ . 
Name in block letter Signature 
Name of witness Signature 
Name of doctor/staff Signature 
Date: 
眼睛檢杳同意書 
一 九 九 _ _ 年 一 月 _ _ 曰 
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